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(Frontispiece). 
Examples of “‘roughed-in’’ conduit wiring in the Essex Power Station of 
the Public Service Electric Company, Newark, New Jersey. A total of 
203,000 ft. (about 38.5 mi.) of conduit was used in this installation. Of 
this about 4,800 ft. was brass pipe, employed to minimize losses and heat- 
ing due to inductive fields from nearby conductors carrying large currents. 


CONDUIT WIRING 


BY 
TERRELL CROFT 


CONSULTING ENGINEER. DIRECTING ENGINEER, TERRELL CROFT ENGINEERING CO, 
MEMBER OF THE AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS. 
MEMBER OF THE AMERICAN SOCIETY OF MECHANICAL ENGINEDRS. 
MEMBER OF THE AMERICAN SOCIETY FOR TESTING MATERIALS. 

MEMBER OF THE ILLUMINATING ENGINEERING SOCIETY. 


First Epririon 


McGRAW-HILL BOOK COMPANY, Inc. 


NEW YORK: 370 SEVENTH AVENUE 
LONDON: 6 & 8 BOUVERIE ST, E. C. 4 


1924 


CopyricHt, 1924, By TERRELL CROFT 


PRINTED IN THE UNITED STATES OF AMERICA 


THE MAPLE PRESS COMPANY, YORK, PA. 


PREFACE 


Conpurt WIRING, as the title implies, deals exclusively with 
the conduit method of interior wiring—which has become by 
far the most important of all of the methods. This wiring 
method has been briefly treated in many available books on 
interior wiring. But such brief treatments of this significant 
subject are now, however, no longer deemed adequate. The 
conduit method is employed so extensively and is so rapidly 
superceding the others that a detailed exposition appears to 
be timely. 

This book has been written primarily for the man who 
installs or who directs the installation of the wiring. However, 
it should be equally useful to the engineer, architect or superin- 
tendent who plans the installation; he can learn from it the 
modern methods and procedure in installing a conduit wiring 
system. Wiremen should, with the aid of this book, when 
given the plans and specifications for a conduit job—large or 
small—be able properly to install it. The steps and opera- 
tions which must be followed in installing conduit wiring, in 
accordance with modern practice, are discussed and explained 
in a thoroughly practical way. The usual procedures which 
are followed in installing jobs of all kinds (from the small ones 
in residences up to those in the largest office buildings and 
industrial plants) are discussed. Conduit wiring in reinforced- 
concrete structures is accorded special consideration. 

More than 700 illustrations, the drawings for which were 
especially made for this work, have been included—to present 
graphically the various concepts. It has been the endeavor 
to so design and render these pictures that they will convey 
the desired information with a minimum of supplementary 
text. 

As to method of treatment; In Div. 1, the manner in which 
the book should be studied by various persons is discussed. 
Then follows a description of the different materials and 
supplies which are used in conduit-wiring installations. In 
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the next division, Laying Out A Conduit Job, the methods 
of making plans for either small-residence or large-building 
conduit installations are described. 

“Roughing in” of the conduit, which includes the manipula- 
tion of the conduit and the tools required for it, the installing of 
concealed conduit, and the installing of exposed conduit, is 
then treated in the following 3 divisions. In the next group 
of divisions are considered the installation, testing out, and 
connection of the conductors and the grounding of the conduit 
system. These steps complete the installation. 

In the final 3 divisions, are discussed the application of 
conduit wiring for special services. These include: Conduit 
For Telephone Circuits, Conduit Wiring In Damp And Otherwise 
Hazardous Places, and Conduit Wiring On Machinery. In the 
division on Conduit Wiring In Damp And Otherwise Hazard- 
ous Places, the relative merits of conduit wiring as compared 
with wiring in such places, are presented. 

With this, as with other books which have been prepared by 
the editor, it is the sincere desire to render it of maximum 
usefulness to the reader. It is the intention to improve the 
book each time it is revised and to enlarge it as conditions may 
demand. If these things are to be accomplished most effec- 
tively, it is essential that the readers cooperate with us. This 
they may do by advising the author of alterations which they 
feel it would be advisable to make. Future revisions and 
additions will, insofar as is feasible, be based on such sugges- 
tions and criticisms from the readers. 

Although the proofs have been read and checked very care- 
fully by a number of persons, it is possible that some undis- 
covered errors may remain. Readers will confer a decided 
favor in advising the author of any such errors. 


TERRELL CROFT. 
UNIVERSITY City, 
Sr. Louis, Mo. 
December, 1923. 
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CONDUIT WIRING 


DIVISION 1 
HOW TO STUDY THIS BOOK 


1. The Function Of This Division is to guide the reader to 
the most effective use of the book. To this end it is proposed 
to explain here the general procedure in installing conduit 
wiring and the relation of the different divisions of this book 
to this procedure. 


Nore.—Tue Book Nexp Not, Necrssarity, BE Reap Consecu- 
TIVELY. The inexperienced man will, probably, do well to start at the 
beginning and study through the divisions of the book in the order in 
which they are given. This order follows approximately the sequence 
in which the different steps, in the installation of a conduit job, occur 
Thus, the consecutive reading of the book will, in effect, be equivalent 
to following through the installation of a conduit job—from start to 
finish. But the experienced man can profitably employ the different 
divisions of the book as tools, using them solely for reference. 


2. Table Showing General Procedure In Installing A Con- 
duit Wiring Job. The 5 “general divisions” of work which 
are shown are those into which the jobs are ordinarily divided 
—either actually or by implication—by conduit-wiring con- 
tractors. It should be understood that this table recites the 
general procedure for the average job. The detail procedure 
which should be followed for any given job may vary con- 
siderably from that which is here outlined. Ordinarily the 
different steps are taken in about the order which is 
indicated. 
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General 
divisions 


Subdivisions 


(a) Getting architect’s or engineer’s latest revised plans and 
I: specifications. 
PRELIMINARY (b) Selection of materials and supplies. 
WorK (c) Ordering the materials and supplies. 
(d) Issuing the work orders. 
(e) Laying out the job. 


(a) Roughing in conduit. 

2: (6) Roughing in conduit boxes. 
Roveuine IN (c) Roughing in switch, panel, and distributing cabinets. 
(d) First examination by electrical inspector. 


(a) Cleaning the conduit raceway. 
(b) ‘Fishing”’ the conduit. 
ai (ce) Pulling in branch-circuit conductors. 
Puuuine In (d) Pulling in feeders and mains. 
(e) Pulling in service conductors (if any). 
(f) Pulling in signal-circuit and other low-tension conductors. 


(a) ‘‘ Testing out,’’ splicing, and taping. 
(b) Grounding the conduit system. 
(c) Installing and connecting panel boards. 
(d) Installing and connecting entrance equipment, main switch- 
| board, and sub switchboards. 

4: (e) Installing and connecting lighting fixtures, wiring devices, 
FINISHING and fittings. 
(f) Installing and connecting power apparatus. 
(g) Installing and connecting signal-circuit and other low-tension 
| apparatus. 
|  (h) Installing panel and other box trims and making necessary 
adjustments thereof. Installing switch and receptacle plates and 
| other outlet covers, if not already done. 


(a) Final trying out. 
(4) Final adjustments, if any. 
5. (c) Final insulation-resistance test. 
Finau Work | (d) Final examination by electrical inspector. 
(e) Removing tools and surplus material from the job. 


3. The Arrangement Of Topics In This Book does not pre- 
cisely follow the classifications of Table 2. This will be evident 
from a consideration of the Contents which is given on front- 
matter, page xi. The reason for this deviation is that the topics 
and sequence which were selected (as shown in the Contents) 
appeared to permit of a more convenient and effective develop- 
ment than would an arrangement which followed exactly the 
grouping which is specified by Table 2. The topics of the 
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“general divisions” of the above table will now be considered; 
directions for locating information on certain of the subdivision 
subjects will be given. 

4. “Preliminary-work” information is given in Div. 2, 
“Conduit-wiring Material And Supplies,” and in Div. 3 
“Laying Out A Conduit Job;” also for signal-circuit infor- 
mation see Diy. 11, ‘‘Conduit For Telephone Circuits.” See 
Div. 12 concerning supplies which should be used in hazard- 
ous places. No effort is made herein to treat preliminary- 
work “subdivisions” (a), (c) and (d) of Table 2. 

5. “Roughing In” in “non-hazardous” places for concealed 
conduit is discussed in Div. 5, and for exposed conduit in 
Div. 6. In Div. 11 is given information concerning the 
roughing in of telephone and other signal circuits conduit. 
See Div. 12 for conduit installation in hazardous places. 


Note.—THer First ExaminatioN By Tue Enecrricat INSPECTOR 
(subdivision 2d, Table 2) is usually made, after or just prior to the com- 
pletion of the roughing in. 


6. “Pulling In” is treated in general in Div. 7. See also 
Div. 12 for special precautions to be observed in installing 
conduit conductors in hazardous places. 

7. “Finishing” for ordinary conditions is discussed in Divs. 
5, 6, 8 and 9 and for hazardous places in Div. 12. No detail 
treatment of Table 2, subdivisions 4 (c), (d), (e), (f), (g), and 
(h) is attempted in this book. 

8. “Final Work” is considered in Div. 10. Usually the last 
steps of a conduit job are the ‘final examination” after the 
completion of the installation, by the electrical inspector 
(subdivision 5d) and the removal of the ‘‘leftovers”’ (subdivi- 
sion 5e) from the job. Neither of these two latter topics is 
discussed further herein. 


QUESTIONS ON DIVISION 1 


1. What, probably, is the best method for an inexperienced man who is studying this 
book to pursue? For an experienced man? 

2. Prepare a table showing the 5 general divisions into which the work of a conduit 
job is generally considered as being divided. 

3. Show the usual subdivisions, for the average job, for each of the 5 general divisions 
of Question 2. 

4. When is the first examination by the electrical inspector made? 

5. When is the final electrical examination usually made? 


DIVISION 2 
CONDUIT-WIRING MATERIAL AND SUPPLIES 


9. The Conduit Method Of Wiring is gradually becoming 
the most important one for all interior-wiring installations. 
The system consists, primarily, of a tubular raceway, called 
the conduit, through which the insulated conductors are later 
pulled. The conduit protects the conductors from mechanical 
injury, permits the conductors to be easily withdrawn and 
others inserted (if defects are detected in them), and prevents 
the spreading of an are should a short circuit occur in the con- 
duit. Conduit may be made of any of various materials, 
such as fibre or the metals. But the conduit which is almost 
exclusively used in interior wiring is the metallic conduit. 
Fibre and other conduit is ordinarily used only in large central- 
station installations or in underground cable work. When, in 
interior-wiring parlance, the term ‘‘conduit”’ is used alone, 
metallic (steel) conduit is usually meant. The ‘ National 
Electrical Code” applies only to metallic-conduit installations. 


Notrre.—Tue One DisapvaANtTaAGe Or THE Conpuit System Or 
WirinG is its high cost; this disadvantage is generally, particularly in 
important installations, outweighed by its many advantages. In large 
industrial, commercial and residential structures conduit (generally 
rigid conduit) is now used almost exclusively in the initial installation. 
In small structures, residences for example, knob-and-tube work is still 
often used. Some large cities, such as Chicago, have passed ordinances 
requiring that all interior electric wiring be in conduit armored cable. 

Note.—Great Quantities Or Conpuit ARE REQUIRED IN TuHE 
Larce Buripines.—In the Hotel Pennsylvania, New York, 635,000 ft. 
or 120 miles of conduit were used. In the Equitable Building, also of 
New York, 1,000,000 ft. or 190 miles of conduit were used. These two 
are, probably, the largest conduit installations in the country. 


10. Conduit Materials, comprise principally: (1) Conduit, 
Sec. 12. (2) Conduit cases, Sec. 26. (3) Conduit accessories, 
Sec. 57. (4) Conductors, Sec. 68. (5) Wiring devices. Wiring 
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devices are not specifically treated in this division. The 
classification of conduit and conduit cases are given, respec- 
tively in Tables 11 and 25. 

11. Table Showing Classification Of Conduit. 


Non-Merattic (Not treated in this book) 


| Enameled. 

| Zineed. 

Zinced outside—Enameled 
inside. 

Zinced outside—Zinced and 
| enameled inside. 

Conpuit | Metatiic STEEL Zinced and enameled, inside 
and outside. 


Rep 


Concave double strip. 
FLEXIBLE | Flat double strip. 
Single strip. 


Non-Ferrovus (Aluminum, Brass, etc.) 
(Little used) 


12. The Two Types Of Metallic Conduit Now Used in 
interior wiring are (see Table 11): (1) Flexible metallic conduit. 
(2) Rigid metallic conduit. Flexible metallic conduit is made of 
strips of galvanized steel wrapped together in such a manner 
as to interlock each other and form a hollow tubing which 
is flexible. Rigid metallic conduit, commonly called iron 
conduit, is standard-weight, mild-steel pipe reamed to remove 
the burrs on the inside of the pipe and coated on 
both its interior and exterior surfaces with a protective 
covering of enamel—usually black—or zinc. The zine or 
enamel coating prevents, or at least tends to prevent 
(Sec. 14), rusting or corrosion of the conduit. In this book, 
rigid metallic conduit will be treated more fully than metallic 
flexible conduit since it is more commonly used. 


Norre.—Common Iron Or Miup-Street Pree Usep As Riaip Conpuit 
is not approved by the “‘ National Electric Code.”” The iron pipe usually 
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has burrs on its inside which would injure the insulation on the conductors. 
It likewise has no protective covering and so it would tend readily to 
corrode and rust. In spite of these facts, iron pipe, preferably galvanized 
iron pipe, is sometimes satisfactorily used in lieu of conduit in installa- 
tions which will not be subject to inspection. 


13. Flexible Conduit Is Made In The Three Forms (see 
Table 11): (1) Concaved double strip. (2) Flat double strip. 
(3) Single strip. These are shown in Fig. 1. The forms shown 

in Fig. 1-2 and IJ, known as 

Fibrous Gasket (Zinced “feel 1P — double strip, consist of two strips 

of galvanized steel, spirally 
wound upon each other. In 

I-Double Strip (Sprague) each of these, a gasket is provided 
Fibrous Gasket ,-Zinced Steel Strip between the strips rendering the 
: \ \ | conduit fairly moisture proof. 

\ The form shown in Fig. 1-J//1/, 
eee ery Strip: National which is called single-strip 
Ba Roind Gosker Sine flexible conduit, is formed from 


REIN VV \ one strip of galvanized steel in- 
terlocked. That made by some 
NX manufacturers is also gasketed. 


M- Single Strip (Sprague Or Austin) 


The forms shown in Fig. 1-I 
and IJ have a smoother inner 
surface than that of the single- 
strip flexible conduit. Since the conduit should have as 
smooth an inner surface as possible (so that the conductors 
can be easily drawn through it) the double strip is usually 
preferred to the single strip. The double strip (Fig. 1-J) 
and IT) is also more flexible than the single strip. Between the 
forms shown in Fig. 1-J and IT, there is little to choose except 
that the form shown in part JJ is a little more flexible than 
that shown in part J, because of the flat sliding surfaces offered 
to the upturned edges of the strip. 


Fra. 1——Three forms of metallic 
flexible conduit. 


Nore.—Tue ApvANnTAGES OF FLEXIBLE Conput7 are that it is easily 
bent and thus is easily installed. Since it is supplied in lengths of 25 to 
250 ft. depending on the size, no elbows and few couplings are required. 
Also no threading is required. It can be easily “fished” and is well 
adapted for wiring in finished (completed) buildings or in other places 
which are inaccessible. In wooden-construction buildings where the 
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conduit run is at right angles to the joint length, flexible conduit may be 
drawn through holes bored through the joist centers, which holes do not 
materially weaken the joist; but where rigid conduit is used in such 
buildings, it must, ordinarily, be laid in slots cut in the joist edges, which 
weaken the joists; see Sec. 183. However, flexible conduit is usually 
more expensive than rigid conduit and it does not afford the mechanical 
protection that rigid conduit does. It is not as satisfactory in damp 
places as is rigid conduit, since it has a joint which, although provided 
with a gasket, may allow water to enter. Thus it is seldom laid in 
concrete, although the “Code” does not prohibit its use therein. 

Note.—ArMoreD CaBLe is a cable which has an armored covering, 
which covering is similar to flexible conduit. The armored covering 
is wound directly on the conductors; that is, the cable conductors cannot 
easily be removed from the armor. It is sometimes made with a lead 
gasket, which seals the joints between the spiral strips, making it mois- 
ture-proof. 


14. Rigid-Conduit Manufacture consists of removing the 
burrs on the inside of standard pipe and of applying a protec- 
tive coating to the pipe. The burrs are generally removed 
by forcing a steel ball (the diameter of which is equal to that 
of the inside of the pipe) longitudinally through the pipe. 
After the burrs are removed the pipe is cleaned by pickling 
it in a sulphuric-acid bath. The sulphuric acid removes all of 
the scale and foreign matter from the pipe. The pipe is taken 
from the acid bath, washed in hot water to remove all of the 
acid, and then immediately coated with the enamel or zinc 
before it has had time to oxidize. Sometimes when a zinc 
coating is to be applied, the pipe is given a neutralizing alkaline 
bath and another washing in hot water. If the pipe is to be 
enameled it is given an enamel bath and baked. If the pipe 
is to have a zine finish, the zinc is applied in some one of 
several ways, as in explained below. 

15. Rigid Steel Conduit May Be Divided Into Five Classes 
according to the protective coating which is used, as follows 
(see Table 11): (1) Enameled rigid conduit, which has both its 
interior and exterior surfaces coated with a tough waterproof 
enamel which is baked on; the enamel is usually black. (2) 
Zinced rigid conduit, which has both its interior and exterior 
surfaces coated with zine. (3) Zinced-outside-and-enameled- 
inside rigid conduit, which has its exterior surface coated with 
zine and its interior surface coated with enamel. (4) Zinced- 
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outside-and-zinced-and-enameled-inside rigid conduit, which has 
its exterior surface coated with zine and its interior surface 
coated with both zine and enamel. (5) Zinced-and-enameled, 
both inside and outside, rigid conduit, which has a coating of 
zine and enamel on both its interior and exterior surfaces. 

16. When The Steel Pipe Is To Be Given A Zinc Coating, 
one of the three following methods may be used: (1) Electro- 
galvanizing process. (2) Sherardizing process. (3) Hot-dipped- 
galvanizing process. 

17. In The Electro-Galvanizing Process, as the name implies, 
the zine coating is deposited (electroplated) on only the outer 
surface of the conduit by means of an electric current. In 
plating, the cleaned pipe is submerged in a solution of zinc 
sulphate and therein forms the cathode of an electric circuit. 
A bar of zinc is also submerged in the same solution and forms 
the anode of the circuit. When an electric current is forced 
through this circuit by an outside source of voltage, zine is 
thereby abstracted from the anode and deposited on the outer 
surface of the pipe by the electric current which flows from the 
anode to the cathode. The electro-galvanizing process is the 
one most commonly used for zincing conduit. 

18. In The Sherardizing Process the cleaned pipe is placed 
in large metal drums together with zinc dust and then the 
whole is heated to a temperature of approximately 900° F. 
The zine dust, which consists of finely powdered metallic 
zinc and zine oxide, becomes vaporized by the heat and 
amalgamates with the metal at the surfaces of the pipe which 
is to be sherardized. Both the inner and outer surfaces of, 
the pipe are thus zinced. The coating which results is not 
pure zinc but is an alloy of about 90 per cent zine and 10 per 
cent iron and is more highly resistant to corrosion than is pure 
zine. 

19. In The Hot-Dipped-Galvanizing Process, the cleaned 
pipe is first immersed in a muriatic-acid bath and then into a 
molten-zine bath. Thus both the inner and outer surfaces 
of the pipe are coated with zine. After remaining in the bath 
for a few minutes the pipe is removed mechanically and run 
through a machine which wipes the molten zine into the con- 
duit on both the interior and exterior surfaces. 
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- Nort.—Turere Are Many Dirrerenr Maxes Or Zincep Riaip 
Conpuit On THe Market, called by various trade names, but nearly all 
of them are coated by either the electro-galvanizing or sherardizing 
processes. ‘The hot-dipping process is seldom used because its cost is 
usually about double that of the sherardizing process. The Sprague 
Electric Works, however, makes a hot-dipped-galvanized conduit which, 
at the time of the writing, sells for about the same price as the other stand- 
ard makes of zinced rigid conduit. 

Novre.—Hot-Drerep-Gatvanizep Conpuir Is Betizvep To Wirts- 
stanpD Corrosion Brerrer THan ZINcED Conpuit Coarep By ErrHEer 
Or THE OTHER Two Metxops.—The other types of zinced conduits 
give as satisfactory results in most places where corrosive fumes are not 
present. Hot-dipped-galvanized conduit is, however, more satisfactory 
where acid fumes are present or where conditions are unusually severe. 
But even under such severe conditions, ordinary zinced (electro-galvan- 
ized or sherardized) conduit, if it is painted with graphite or asphaltum 
paint, will also prove very satisfactory. 

Notre.—Conpvuit Wuicu Is Coatep Wits Zinc By THe Evectro- 
GALVANIZING Process Can Auways Br DistincuisHep from that 
coated by either of the other two methods. Conduit which is coated 
by the electro-galvanizing process has only its exterior surface coated 
with zine, its interior surface being coated with enamel. The conduit 
coated by either of the other two methods has both interior and exterior 
surfaces coated with zinc. The reason for this is that zine cannot be 
deposited on the interior surface of a pipe, by the electro-galvanizing 
process without placing an anode inside of the pipe. Such a procedure 
would be too expensive due to the great number of anodes required and 
the high labor cost of carefully setting the pipes in their proper positions. 


20. Enameled Rigid Conduit Is, Generally, Not As Satis- 
factory As Zinced Rigid Conduit except under certain favorable 
conditions. Theoretically, high-grade enamel affords the 
best possible protection against corrosion, provided that the 
pipe which is enameled is free from rust and scale before being 
enameled and that the enamel remains unbroken and free from 
blisters. However, in practice the enamel coating, which is 
rather brittle, cracks off in places if the conduit is subjected to 
severe treatment. After the protective enamel coating is 
cracked off, the pipe will, ordinarily, corrode readily. Ena- 
meled rigid conduit has the advantages that its enamel 
coating is less affected by acids and alkalies than is the zinc 
coating of galvanized conduit. Enameled conduit has proved 
entirely satisfactory in dry places where it is not subjected 
to severe treatment. Thus each has its uses. While gal- 
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vanized conduit is best adapted to general conditions and most 
generally used in concrete, nevertheless, black-enameled is 
useful in dry places where not subjected to severe treatment, 
and often in places where acid fumes are present; see Div. 12. 

Norre.—E.ectro-GaLvaNnizED Conpuit Is Nor As SATISFACTORY 
In Damp Praces As Is OTHER ZincED ConpuiT since it has enameled 
coating on its interior surface. As moisture often collects on the inside 
of a pipe, the interior surface should be as well protected from corrosion 
as the exterior surface. However, since the inner surface never receives 
the severe treatment that the outer surface receives, the enameled 
inner surface is seldom cracked and so in many installations is very 
satisfactory. 


21. A Conduit, Which Has Both Its Interior And Exterior 


Surfaces Covered With First A Zinc Coating And Then An 
Enamel Coating (Class 5, Sec. 11), called Sherarduct, is now 
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Fria. 1A.—Chart showing the relative effectiveness of several methods of 
protecting electrical conduits against corrosion. 

made by the Nationa Marat Moupine Co. It seems that 
this conduit has all the advantages of both the galvanized and 
black-enameled conduits since it has a coating of both zine 
and enamel. It should withstand both severe treatment and 
acid fumes. Figure 1A shows the results of tests made on 
Sheraduct rigid conduit. 

22. A Commercial Line Of Rigid Aluminum Conduit was 
recently announced by its manufacturers, the Aluminum 
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Company of America, Pittsburgh, Pa. This conduit is espe- 
cially adapted for installation in steam-power plants, locomo- 
tive roundhouses and similar places which are subject to 
corrosive gases. The severe conditions of power-house opera- 
tion with the attendant moisture and sulphur-bearing gases 
should be well met by the use of aluminum, a material that is 
particularly non-corrosive under these conditions. Various 
expedients have in the past been used to prolong the life of 
the electrical wiring in the power houses and railroad round- 
houses but without much success. Continuity of electric 
light service in such applications is vital, as an interruption 
due to deteriorated and exposed wiring may bring disaster 
with it. Conditions around ash-conveying equipment are 
particularly severe on electric wiring, and it has been practi- 
cally impossible to secure more than a few year’s life using 
ordinary steel conduit materials. Aluminum conduit appears 
to satisfy these exacting conditions. The cost of aluminum 
conduit is approximately twice that of steel conduit. 

Nore.—Atuminum, Waite Resistant To Corrosion Itseur, Is 
FuRTHER AUTOMATICALLY ProtEcTED By THE Spontaneous Form- 
ATION Or A Turin Fium Or ALUMINUM OxiDE on the surface of the metal, 
the oxide being an especially inert substance. This conduit is made from 
an aluminum alloy containing about 114 per cent of manganese, giving 
a hard strong material that may be formed and installed by the ordinary 
methods applying to other conduit. The specifications, as given by the 
Board of Underwriters, are followed in the manufacture of this aluminum 
conduit. 

Note.—ALuMINUM ConpvuiIT Fittings are now being manufactured. 
The Aluminum Company of America makes a line as does also The 
Oliver Electric Co. of Missouri; the fittings made by the concern are 
especially designed for steam railway roundhouse service. 

23. Conduit Of Brass Or Other Non-Ferrous Alloy Or 
Metal is sometimes used, as explained under Sec. 80, to mini- 
mize eddy-current effects. Aluminum should also be quite 
satisfactory in this respect. 

24. Conduit Sizes Are Specified By The Nominal Inside 
Diameters.—Rigid metallic conduit is made in all standard pipe 
sizes from }4 in. to 6 in., nominal inside diameter. The inter- 
nal and external diameters and the thicknesses of the walls, for 
the rigid conduit of the various sizes, are the same as those for 
standard weight pipe of the same sizes. (See folding insert 
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on the inside of the rear cover for full-size cross-sections, with 
dimensions, of conduits from 14 in. to 4 in. insize.) Likewise, 
the same standard sizes of threads are used for rigid conduits | 
of the various sizes as are used for the same sizes of ordinary 
pipe (see the author’s ‘‘ American Electricians’ Handbook’’ for 
the sizes of thread used on the various sizes of conduit). 
Rigid conduit is made in 10-ft. lengths, threaded and reamed 
on both ends. Each length is furnished with one coupling 
attached. Sometimes the end without the coupling is fitted 
with a thread protector. Flexible conduit is made in standard 
pipe sizes from 54. in. to 214 in. nominal inside diameter. 
Its outside diameter is larger than that of the standard pipe of 
the same size. It is made in 25 to 250-ft. lengths, depending 
on its size. ‘ 

Notre.—Conpuir SMALLER Tuan 46 In. In Size Is Setpom UseEp 
since it is prohibited by the “National Electric Code’’ (see author’s 


“Wiring for Light and Power’’). Also, since conduit smaller than 14 in. 
costs the same as 14-in. conduit, there is no reason for using it—except in 


a 


places where not enough space is available for the !4-in. conduit. 


25. Table Showing Classification of Conduit Cases. (p. 13). 
Some of the terms employed in the table are not always used 
with the same meanings that are given them in the table. 
The meanings given these terms in the table are probably the 
most consistent ones that agree with modern practice. 

26. A Conduit Case (see Table 25) is any metal box-like 
housing which is inserted in or at the end of a run of conduit to 
facilitate the manipulating of the conductors, to permit the 
connection of energy-consuming devices to the conductors, 
or to contain one or more circuit-controlling or protective 
devices. By this definition, any metal box connected in a con- 
duit installation is a conduit case. It is with this meaning that 
the term will be used in this book. Thus is made a distine- 
tion between a conduit case and a flexible-tubing box, sometimes 
called a “loom” box (one used in knob-and-tube work). In 
practice, the different conduit cases are generally referred to 
by special names as “outlet box” or “cabinet” instead of the 
general name “conduit case.” 


Note.—Conpurr Casts Musr Auways Have Meta, (UsvaLLy 
STEEL), Porcenary, Or OTHER InsutatIna Non-Compustipie Non- 
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TABLE 25 
3 Metwoo or | To MAKE 
3 (Curssiricarion] Access To | Provision For] NAME PRIMARY FUNCTION 
INTERIOR 
ENreey (ners) To provide for connection to the wiring system of 
Consumetion | Qurtet Box | 9, 27ergy consuming aevice, such as wall and 
, ceiling luminaires, wall receptacles, motors, heatingdevices etc. 
INTERIOR 7 > 7 7 
AccESsiBLe Manipucation | Putt Box To facilitate pulling the conductors into the conduit system. 
ONLY Or To house junctions of conductors, where no energy Is 
UNCTION Box Ab 
peed Arter | Conductors | SvscTion & taken trom the wiring system. 
REMova ; . ; 
OF | Switcaine per-Switch | 7 contain only snap switches, one or more. 
iE 5 F (OutLET) Box 
CREW = ; 5 
a OR : SEPARATION Separator | 70 support a non-combustible, nor-absorptive, 
8 Nuts Box Insulating wire separator. TF 
S C To contain anelectric controller. See text for 
2 CONTROLLING + ae : 
i SOS LLER | Gefinition of an electric controller. 
3 MANIPULATION PULL Only to facilitate pulling the conductors into the 
@ Or Conouctors | CABINET conduit system. 
=x= 
- INTERIOR : : ; ; 
is Accessiaie| SWITCHING een: To contain one fused or unfused knife switch. 
= By We ~ * = 
Convuit | Openine otnattine ContRoLter | 70 containanelectric controller, See text for 
CasinetS | Hincep CaBiNeT definition of an electric controller 
Door Protection | /ocontain the necessary protective devices toprotect the 
bos ECTION CaBinet set of conductors against a current overload, 
ND ; ; Sr ; 
To contain the equipment for distribution (switches, 
Beereure DSTRET CON cutouts, or both) of electrical energy to two or more 
ABINET: branches, mains, sub-mains, or sub-feeders. 
Eueney (Enerey) To provide for connection to the wiring system of an 
Greucd QuTLet energy consuming device, such as wall and ceiling, 
INTERIOR NSUME TION FITTING luminaires, wallana'tloor receptacles, motors, heating devices etc. 
ACCESSIBLE Putt Only 70 facilitate pulling the conductors into the 
3 sce ONLY epogie FITTING idan ae g 
AFTER , p 
Zz Conouit REvGvate |hConsucons Junction | On/y 7o house junctions of conductors, where ho 
| Fittines | "9, FITTING energy Is taken from the wiring system. 
x 
2 SCREWS liSwircuinc SNAP-SWITCH | 79 contain only snap switches, one or more. 
8 (Ourvet) Fittine 
a + * 
< Separator | 70 support a ron-combustible, non-absorptive 
zZ SEFARASION FITTING insulating wire separator. 
Ee 
a Switcuine | KMIFE-SWITCH | 7% contain one fused or unfused knife switch. 
8 FITTING A 
= INTERIOR i 1 F 
E HINGED eceaetate Protection | 70, contain the necessary protective devices to 
aide By DistRiBUTION FITTING protect the setof conductors against a current overload. 
5 | Conouir | oo. Ano 
A ENING 5 
2 | FITTINGS | yi cep PROTECTION | p< Risution | /0contain the equipment for distribution (switches, 
= Door ; FITTING cutouts,or both) of electrical energy to two or more 
branches, mains, sub-mains or sub-feeders. 


ABSORPTIVE COVERS. 


These covers may be hinged, screwed on to the 


cases, or fastened in any other way so that they can be removed or 
opened. A canopy supported by a lighting fixture sometimes serves as a 


cover. 
cover (Sec. 49). 


. 


In some types of conduit cases a flush wall plate forms the 


27. The Various Functions Of Conduit Cases Of The Dif- 


ferent Types are tabulated in the last column of Table 25. 
A conduit case may be used to serve two or more of these 
functions. Thus, it frequently occurs that an energy outlet 
box (Sec, 34 and Table 25) is used also to house other con- 


14 CONDUIT WIRING : [Div. 2 


nections than those of the tap circuit which feeds directly 
from the outlet and to facilitate the pulling in of the conductors. 
An outlet box thus used would therefore serve also as a pull 
box and a junction box. However, since the primary purpose 
of the box is, in such a case, to serve as an outlet box, it would 
be so termed. With the exception of the separator box or 
fitting, the ‘National Electrical Code” requires that all 
conduit cases (Table 25) be so installed that they are accessible 
without disturbing the structure of the building. Further- 
more, the ‘‘Code”’ requires that all conduit cases be made of a 
“‘good-conductor”’ material which is securely connected, both 
mechanically and electrically, to the conduit system. 

Norr.—A Separator Box Or Firrina Neep Not BE ACCESSIBLE 
(‘National Electrical Code’’) if the conductors are brought out of the 
conduit system without “‘splice, joint, or tap.” 

28. A Conduit Box (Table 25 and Figs. 2 and 3) is a conduit 
case to which conduit is or can be secured by means of conduit 


No. 8- 2 Round lege Machine Screw Gas-Pipe Knockout, 


Conduit 
Knockouts-“ 


if 4-In. sauaret Box IL-4-In. Square Combination Box 


rie : W- 4-\n. Round Box sa 
IW -Ateln. Square Box w- shin. ete, Boy 


Fria. 2.—Standard pressed-steel conduit boxes. The dimensions of boxes 


may oy 146 in. from those given. (The 4-in. octagonal boxes, not shown, 


are 314 in. across flats and 3274 9 in. in diameter, inside dimensions. ) 


accessories (Sec. 57), and which is provided with a cover that 
is held in place by screws or nuts. The conduit box always has 
knockouts, or the equivalent, formed by drilled holes. It may 
be used to serve various purposes, as shown in the right-hand 
column in Table 25, 


Suc. 29] MATERIAL AND SUPPLIES 15 


Norr.—Conpuir Boxes Are Sometimes Cattep Ourter Boxes 
(See. 43). In the past, the term “outlet box” was used to designate all 
conduit boxes. It had the same meaning as the term “conduit box” has 


ao 


= 
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ISolid Plate Cover 
“Square Box 
Utyelet Bushing Raised Cover TE f° Round Ard Octagonal 
= 3 Eyelet Bushing For ae Corg | 


IW-Raisea cover For V4"Square Box 
Flush Devices Roised Cover YI-4"Round And Octagonal 
Box Raised Cover. 


*B fore 
VIL-47- Box VIIT-4"Square Cover 148 Square Box 
Raised Cover For All Fluted- oa Cover 


Catch Devices 
Fig. 3.—A few conduit box covers. (The raised covers may be had in other 
heights besides those shown.) 


in this book. Now, the tendency is to restrict the term ‘outlet box’”’ 
to mean only a box which is used at an outlet (Sec. 31). 

29. A Conduit Cabinet (Table 25 and Fig. 4) is conduit case 
which is provided with a hinged door and with knockouts— 
or the equivalent in drilled holes 
—designed for fastening the cab- 
inet to the conduit by means of 
conduit accessories (Sec. 57). 
The distinguishing character- 
istic between conduit cabinets 
and boxes is that the cabinets 
have hinged doors whereas the 
boxes have covers which are 
held in place by screws or nuts = 
and which must be unscrewed to Frq. 4.—Standard  surface-type 
gain access to the interior of the steel cabinet or panel box. 
box. Incidentally, cabinets are ordinarily larger than boxes, 
though not necessarily so. 

Notrre.—Tue Accessories WuicH ARE GENERALLY UsEep To Fasten 
Conpuit To Boxes Or CaBinets are nipples, ‘box connectors,” lock- 
nuts, and bushings. 


; ‘Knockouts 


aa 


--Hord le 
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30. A Conduit Fitting Or Body (Fig. 5) is a conduit case 
which is ‘provided with projections, which have female pipe 
threads, whereby the conduit may be screwed directly to the 
fitting. As indicated in Table 25, some conduit fittings are 


/Pressed-Steel Body Porcelain Wire Separator 


SP. 
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LOctagon Cover Ir Octagon Cover Ty-Rectang 
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Wire Separator 
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Fie. 5.—Some of the more common types of conduit fittings and covers. 
Some fittings are made of cast iron while others are made of pressed 
steel. 


made with covers which are fastened to the body with screws; 
others are provided with hinged covers, or doors. The 
principal distinguishing difference between a fitting and a box 
or cabinet is in the method of attaching the conduit. As 
indicated in Table 25, the functions of fittings, boxes, and 
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Ie 


cabinets are essentially the same. Boxes are practically 
always used in concealed work; fittings (floor fittings, Sec. 
48 excepted) are seldom used in concealed work. Both 
boxes and fittings are used in open work. Whether or not a 
conduit case should have a cover held with screws (box or 
secrew-cover fitting), or a hinged cover (cabinet or hinged- 
cover fitting) depends upon the service which it is to perform. 
That is, if a conduit case is to be used to contain a cutout it 
should have a hinged door so that the interior of the box may 
be readily accessible for fuse re- 
placement. If a conduit case is 
to house the junction of con- 
ductors, such ready access is 
neither necessary nor desirable. 


a “C ondluit- Outlet 
a 3!) Box Cover: 


Souare Pressed- 
Steel Conduit- | 
Outlet Box 


Norre.—Most MaAnuracturEers 
Catt THEetR Conpurr Firrines by 
special trade names. Some of these 
names are ‘‘Condulets,’’ Unilets,” 
“Pipe Taplets,” and “V.V. Fittings.” 
See also Sec. 55. 


31. An Electric Outlet (usually 
designated merely as an outlet) 
is a location on a branch circuit 
of any wiring system at which 
access to the conductors is inten- 
tionally provided for the purpose 
of connecting energy-consuming 
switching or control devices. 


Aligning 
Sub-Plate 


Fie. 


6.—Showing a 
pressed-steel conduit box used as a 


square 


receptacle outlet box. This box 
contains a receptacle having an 


Nore.—TuHe ‘“WrirRING SysTeEM”’ adjustable aligning sub-plate. (Re- 


comprises the conduit, boxes, cabinets 
and wire but it does not include the 
luminaires (fixtures) motors or other 


ceptacle manufactured by Harvey 
Hubbell, Inc., Bridgeport, Conn.) 


energy-consuming devices or the 


wiring included in these devices. 

Notr.—A Brancu Circuir (as defined in the “National Electrical 
Code’’) is that portion of a wiring system which extends beyond the final 
set of fuses or circuit breakers which protect it, and at points on which 
energy is taken to supply fixtures, lamps, heaters, motors and current- 
consuming devices generally; such points are designated as “outlets.” 


32. An Outlet Box Or Fitting See energy outlet box (Fig. 6) 
and snap-switch outlet box (Fig. 18 and Tabte 25) is a conduit 
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box or fitting which is installed in an electric wiring system 
at an electric outlet. A floor fitting often called a ‘floor box”’ 
is one form of energy outlet fitting. It is probably the only 
one which is frequently used in concealed conduit work. 

33. An Energy Outlet is an electric outlet which is provided 
for the attachment of an energy-consuming device or devices. 

34. An Energy Outlet Box Or Fitting is an outlet box or 
fitting which is installed at an energy outlet. 

35. A Snap-Switch Box Or Fitting (Table 25 and Figs. 
2, 3, 5 and 18) is aconduit box or a conduit fitting which only 
contains one or more snap switches. It is often called a 
“switch outlet box.’’ In this text it is classed as an outlet 
box, Sec. 32. Sometimes only energy outlet boxes are con- 
sidered as outlet boxes and the snap-switch box is not so 
considered. 

36. A Pull Box, Cabinet, Or Body Fitting (Table 25 and Figs. 
2, 3, 5 and 19) is a conduit box cabinet, or fitting, which is 
installed only for the convenience of pulling in the conductors. 
All conduit cases, to a certain extent, facilitate the pulling in 
of the conductors, but only those cases which are used solely 
for the pulling in of the conductors are called pull cases. 

37. A Junction Box, Or Fitting (Table 25 and Figs. 2, 3, 5 
and 19) is a conduit box or fitting (from which no energy is 
taken from the wiring system) for housing the unfused junction 
or connection of conductors. Whenever the sizes of the con- 
ductors forming a junction are the same (since no fuses or 
cutouts are required), the one set of conductors may be soldered 
directly to the conductors which feed them and a junction 
box or fitting may be used. Junctions in concealed conduit 
installations are generally made in accessible outlet boxes 
which are also serving other purposes (Sec. 31). 

38. A Separator Box Or Fitting (Table 25 and Fig. 5) is 
a conduit box or fitting which is provided with a non-combusti- 
ble, non-absorptive, insulating cover with separate bushed holes 
through which the conductors are brought out of the conduit. 
Separator boxes or fittings are employed only at points where 
a system of wiring changes from the conduit method to either 
the open or the wooden-moulding method. Separator boxes 
need not be accessible (See. 27). 
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39. A Controller Box Or Cabinet is a conduit box or cabinet 
which contains an electric controller. A “controller” is 
defined as a device or devices to control in some predetermined 
manner the electric power delivered to the device. governed. 

40. A Knife-Switch Cabinet Or Fitting (Table 25 and Fig. 
24) is a conduit cabinet or fitting which contains only one 
fused or unfused knife switch. 

41. A Protection Cabinet Or Fitting (Table 25 and Fig. 477) 
is a conduit cabinet or fitting which contains only the neces- 
sary protective device or devices to protect one set of conduc- 
tors, that is, a set of fuses, relays, oran overload circuit breaker. 

42. A Distribution Cabinet Or Fitting (Table 25 and Fig. 22) 
is a conduit cabinet or fitting which contains the equipment— 
busbars, fuses, and sometimes switches—for distribution of 
electrical energy to one or more branches, mains, sub-mains, 
or sub-feeders. 

43. Conduit Boxes (Table 25) Are Made In Various Types 
And Shapes each of which is adapted for certain purposes. 


‘ --Hammer 
Punched Out —2 N 
_-Knockout i : \ 


Fie. 7.—Showing how a “knockout” is removed from a box with a hammer 
blow. 


The types of conduit boxes most generally used are the pressed- 
steel boxes shown in Fig. 2. They are known as round, square, 
or octagonal boxes depending on their shapes. Since these 
types of boxes are so frequently used at outlets, they are some- 
times called in the trade simply by the general term, “outlet 
boxes.”” The round, square, and octagonal boxes are pressed 
or stamped-steel boxes which have knockouts (Fig. 7) and 
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which can be used to perform various functions by using 
different covers on the same box. That is, with proper covers 
(see Fig. 3) they may serve as outlet, pull, junction, or 
separator boxes. The square boxes are generally used in 
walls to serve as switch, receptacle (Fig. 6), receiver, or junction 
boxes. The round and octagonal boxes are generally used in 
ceilings and (sometimes in walls) as energy outlet, pull, or 
junction boxes. Since the octagonal box is preferable to the 
round box, as it offers a flat surface of the locknut to bear 
against, the manufacture of the round boxes 114 and 2!4 in. 
deep, with knockouts in the sides, has been discontinued. 
However, the round boxes are still made in the shallow depths 
with no knockouts provided in the sides. 


Notre.—Tue_ Sizes Or Tue Rounp, Square, AND OcTaGoNAL Boxes 
are standardized so that the boxes of different manufacturers are inter- 
changeable. The round and octagonal boxes are made in sizes of the 
same diameter and the same covers fit them. They are made in two 
sizes: one, 3)4 in. in diameter and the other, 4in. in diameter. The 4-in. 
diameter octagonal box is made in two depths; one is 1!4 in. deep on the 
inside and the other is 2!< in. deep on the inside. The 3'4-in. diameter 
octagonal box is made in only the 1!4-in. depth. The round 314 and 
4-in. boxes are made only in “‘shallow”’ form with depths of 14 and 34 in. 
The square boxes are made in two sizes, one with 4-in. sides and the 
other with 41}7¢-in. sides. The 41'1,-in. square boxes are made 1}9 
and 21g in. deep whereas the 4-in. square boxes are made only in the 
1!4-in. depth. The knockouts are generally arranged as shown in Fig. 2. 

Norre.—Conpvuir (OurLer) PLares ARE SOMETIMES USED instead of 
conduit (outlet) boxes. These are merely flat sheet-steel dises having 
knockout holes punched in them. They have no sides. These outlet 
plates, however, can only be used at fixture outlets where the canopy of 
the fixture provides a metallic covering over the wire splices. The use 
of plates, even with fixtures, is being discouraged (see following Sec. 44) 
since the new fixtures which have flat canopies cannot be used over them 
because the flat canopies do not provide sufficient room for the splices. 

Note.—Screw Tappines For Sranparp Conpuir Boxers AND 
Conpuir Box Covers are as follows: The standard boxes are tapped for 
8-32 screws which are used to fasten the covers to the boxes. The box 
covers are not tapped for these screws but simply contain a large plain 
hole ora slot to admit them. The canopy and Elewit box covers are tapped 
for two 8-32 screws with which wiring devices, such as exposed recep- 
tacles, and Elexit receptacles are fastened to the covers. The switch 
box covers are tapped for 6-32 screws, since this size of screw is provided 
with the flush switches and receptacles for their attachment to the conduit 
box covers. The coverless switch boxes, such as the sectional switch 
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box (Fig. 18), are also tapped for 6-82 screws to permit attachment of 
the flush switches and receptacles. 


44. A Chart Of Standardized Lighting Fixture Outlet Boxes 
(Figs. 8, 9, 10, 11, 12, and 13) has been prepared by the New 
4" Octagon Box With Drilled 
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I-Front View (Universal No. 54151) I-Section 


Fiag. 8—Type A outlet. Deep box without cover for utilitarian work. 
“This octagonal box recommended for ordinary fixture work and especially 
convenient for all types of inexpensive one-light receptacles in walls and 
ceilings of closets and service department.’ It is made by the following 
manufacturers: Adapti Mfg Co., Appleton Electric Co., Chicago Fuse Mfg. 
Co., Michigan Stamping Co., National Metal Moulding Co., Sprague Electric 
Works, Steel City Electric Co., The Pratt Church Co., and Thomas & Betts. 
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Cover 52-C-3. (Universal Numbers) 


4 IFront View. Box 51151 And 
EFront View.(Universal No. 24151) IESection 


Fria. 9. Fie. 10. 

Fig. 9—Type B outlet. The octagonal box recommended for ordinary 
fixture work when Type A outlet is not large enough to accommodate a large 
number of wires or when hanger for heavy fixture will be used. Drilled and 
tapped lugs accommodate inexpensive one-light receptacles. Made by same 


manufacturers as Type A. 
Fig. 10—Type C outlet. This outlet box recommended for all ordinary 


fixtures outlets. Ample space in box for gas pipe or several conduits, or the 
necessary wire splices. Receptacles can be attached to cover. Made by 


same manufacturers as Type A. 


York Division of Lighting-Fixture Manufacturers. This chart 
has been distributed among electrical engineers, contractors, 
and architects to enable them to specify and use outlet boxes 
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which will permit the installation of better fixtures on safe 
outlets. In the past, the New York lighting-fixture manu- 
facturers have been hampered by its not being possible for 
them to furnish certain types of lighting fixtures (which were 
selected and desired) because of outlet boxes of the wrong type 
having been installed by the electrical contractor. If the 
recommendations of the chart are followed, this difficulty will 
disappear. Outlet boxes of the “shallow” type (Fig. 13) are 


_Cover Opening le Xx 3." Lugs Orilled 
‘ And Tapped For Receptacle Screws. \ 
’ 22 On Centers. NGA 


Opening 140" B Ficture Stud! 


IFront View. Cover Fits ON ieection IFront View. Box 51/51 And 
Boxes Nos. 51151 And 54151. Cover 52-C-57. ESetPion 
(Universal Numbers) (Universal Number) 
Fig. 11. Fre. 12. 


Fic. 11.—Type D outlet. This outlet box recommended for bracket outlets 
particularly in rooms where architectural style will be a consideration. 
Accommodates very-flat or narrow backplates on period fixtures. Box made 
by the same manufacturer as Type A. ‘New Era” cover distributed by 
R. B. Corey & Co., New York, N. Y. 

Fig. 12.—Type E outlet. This outlet box recommended for bracket 
outlets only in rooms where architectural style will be a consideration. 
Accommodates very-narrow backplates less than 114 in. in width. Box made 
by same manufacturer as Type A. Cover made by the Pratt Chuck Co. and 
Thomas & Betts Co. 


particularly condemned because they do not permit the instal- 
lation of fixtures which have flat or shallow backplates 
(canopies). The chart recommends: 


“An approved galvanized-iron or steel outlet box, as hereinafter specified 
(for conduit, flexible armored cable or knob-and-tube wiring) shall be 
installed at each outlet taking lighting fixtures as shown on plans.” 

“At all ceiling outlets there shall be used an octagonal outlet box of not 
less than 3 in. in diameter and not more than 4 in. in diameter, both 
approximately 119 in. deep with cover on, same having 3-in. diameter 
round opening. Said cover to have lugs. (Select types A, B, or C 
from Figs. 8, 9, 10, and give manufacturers’ names and numbers.)”’ 

“At all bracket outlets in service portion of house, garage, cellar, and 
attic, there shall be used an octagonal outlet box 3 in. in diameter, approxi- 
mately 114 in. deep, with drilled and tapped lugs, 234 in. on centers. 
(Type A, Fig. 12.)” 
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“At all bracket outlets in master’s living and sleeping quarters, there shall 
be used a 4-in. square outlet box approximately 114 in. deep with cover. 
(Here specify type of cover desired according to style of fixtures to be 


used, selecting from types C, Fig. 10; D, Fig. 11; or E, Fig. 12.)” 
“All covers of boxes shall be galvanized and shall be rigidly fastened to 


boxes by not less than two screws.” 


“Tn each outlet box there shall be a fixture stud with 3¢-in. male thread, 


which stud shall be rigidly fastened in 
box by not less than four (4) bolts.” 

“In setting all outlet boxes, extra 
precaution shall be taken that same 
are securely fastened in the wall, set 
true and plumb, and that No PART OF 
THE BOX OR COVER EXTENDS BEYOND 
THE FINISHED PLASTER OR TRIM. Con- 
tractor shall be obliged at his expense 
to reset any boxes not installed in 
accordance with this specification.” 

“Under no circumstances shall a 
cast or stamped shallow-type ‘box’ or 
“surface plate’ be used. (One of this 
class is shown in type NG, Fig. 13.)” 

“The wires at all outlets which are 
controlled by switches shall be properly 
tagged for identification, and branch 
runs spliced up ready to receive 
lighting fixtures.” 

“The contractor will be obliged, at 
his expense, to reset any outlet boxes 
where it is the opinion of the archi- 
tect that the type or style of lighting 
fixture to be hung cannot be used 
owing to the interference of sprinkler, 
steam, water pipes, ducts, ete. or 
where boxes have been placed too 
close to doors, window trim, medicine 
closets, or plate shelves, etc.” 

“Note No. 1.—It is further suggested 
that, where the use of aheavy ceiling 
fixture is contemplated, the electrical 
contractor be instructed to do away 
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Fie. 13.—Type NG outlet box 
which is made in various types in 


cast ironor stamped steel. This 
outlet, known as the shallow-type 
flexible armored-cable box. is not 
recommended. As evident, from I 
above, this box is not capable of 
housing the spliced joints of wires 
and always requires deep and objec- 
tionable canopies on _ fixtures. 
Shallow and _ oval fixture-back- 
plates cannot be used. 


with the ordinary fixture stud in outlet box and supply in its place a 
suitable and substantial iron pipe hanger with at least a !9-in. iron pipe 
thread on same. Style of hanger to be approved by the architect.” 

“‘ Note No. 2.—It is also suggested that where the local board of Fire Under- 
writers having jurisdiction will approve “polarization” that the electrical 
contractor be instructed to install a polarized system of wiring which will 
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permit all straight electric lighting fixtures to be installed without 
insulating joints, which means a saving of expense and the use of better 
type of lighting fixtures, which otherwise would have to be eliminated, 
were insulating joints and canopy fibers necessary.”’ 


45. Standard Catalogue Numbers Called ‘‘Universal Num- 
bers” For The Square, Round, And Octagonal Pressed-Steel 
Conduit Boxes And Covers have been adopted. A standard 
or universal catalogue number denotes a certain definite box or 
cover. It applies to this same box or cover as made by every 
manufacturer. The boxes and covers made by different manu- 
facturers are almost identical, so it makes little difference, 
insofar as dimensions are concerned, which manufacturer’s 
boxes and covers are used. In the past, the use of individual 
manufacturers’ catalogue numbers led to confusion when boxes 
or covers were ordered by one manufacturer’s number and the 
order filled with boxes or covers made by another manufacturer. 
The use of the universal number, which denotes a definite 
box or cover, regardless of who manufacturers it, eliminates 
this confusion. In the universal numbering system, the box 
numbers consist entirely of numerals, while the cover numbers 
have a letter “‘C”’ after the first twonumerals. Thenumbering 
system is so designed that: the first two numerals of the cover 
for a certain size and shape of box will be the same as the first two 
numerals of the box itself (see Fig. 14), except for the round 
shallow boxes which take the same cover as the corresponding 
size of octagonal box. 


ExampLe.—The universal catalogue number for a 411/¢-in. square 
box, 114 in. deep (Fig. 14) is 72,151.” Hence, according to the uni- 
_ versal numbering system, any cover with a number beginning with 
“72C,” as for example “72-C-39,” will fit this square box (No. 72,151). 
Also, since the universal number for the 41!14¢-in. square box, 2) in. 
deep is ‘‘72,171,” the same cover (No. ‘‘72-C-39”’) will likewise fit 
this box. 

Norr.—Tue Basis Or Tur System Or “Universat NumsBers”’ 
is given in the following tabulation: 
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BOXES 


Position of figure in the number and what it designates 


| 
Ries Say Fourth posi- | Fifth POSI- 
| ee : ; oe TION, IN- TION, 
| DIAM. (near-| ease ee Boe ane SIDE DEPTH| KNOCK- 
est below) ey ) a ™ | (nearest below)| OUTS AND 
inches is inches EARS 
| | 
1 | 3 Square Outlet (con- 1g |; Conduit with 
(Comb.). cealed). | ears. 
oa 314 Sq. (Str. elec- | Outlet (ex- | 34 Conduit with- 
tric). | posed). | out ears. 
3 | 314 Sq. extension | *Flush device | 1 |/Loom with 
| ring. (concealed). ears. 
4 | 334 Octagonal. | *Flush device 114 Loom without 
| (exposed). ears. 
5 4 Octagonal ex- | Concrete. | 14 Comb.with 
tension ring. | | ears. 
6 414 Round. | Ceiling with 134 | Comb. without 
| Arm. Cond. | ears. 
Clamp. . | 
7 419 | Round exten- +Plates. 2 
sion ring. | | 
8 5 ectanoul ar wa ieee 24 
9 Giada Me sere ycia ce Seal Hawn cone chertnes | 21g+ 
| | 


*This key does not cover ‘‘ Flush switch boxes”’ or ‘‘ Wall cases.”’ 
+t Plates'’—definition: Flat or flanged dise of 0.080 in. thick metal with knockouts 
for conduits. 


The covers and plate covers have the first two figures in the Universal 
number the same as the corresponding box number. In the third number 
position, the covers have the letter ‘‘C”’ and the cover plates have the 
letter ““R”’ to differentiate them from the box numbers. The fourth and 
fifth figures refer to the style of cover and its use. 

Thus from the above tabulation, the number of any type of box can be 
determined. 

Exampie.—A 4-in. octagonal, concealed work outlet box 1/4 in. deep, 
provided with conduit knockouts and ears, would be number 54,151, 
This can be obtained from the tabulation as follows: First figure, 5, 
signifies a 4-in. box; the second figure, 4, an octagonal shape; the third 
figure, 1, a concealed outlet box; the fourth figure, 5, a 114 in. depth; 
and the fifth, figure, 1, signifies that the box is provided with conduit 


knockouts and ears. 


46. A Key, Called The “Universal Key,’ For Matching 
Wiring Devices, Pressed-Steel Boxes, And Covers has been 
developed by the Sprague Electric Works of the General 
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Electric Company. This key consists of a folding cover 
enclosing a 70-page booklet. It is furnished gratis upon 
request. There is reproduced in Fig. 14, for illustration, a 
portion of the inside of the left-hand cover and also a portion 
of page 40 of the booklet. This left-hand cover and portion 
of the booklet comprises the left half of the complete key when it 
is opened out. On the inside of the right-hand cover (not shown 
here) are given the new catalogue numbers and the key 
symbols of the 314-in. octagon pressed-steel box and covers 
and of the new type shallow and deep conduit boxes and covers. 
The ‘Universal Key” eliminates the former necessity of 
looking through various catalogues for a pressed-steel box and 
cover that will accommodate a certain device and also the 
uncertainty that the boxes and covers chosen may not fit the 
device. In the booklet, the catalogue numbers of the wiring 
devices of various manufacturers (fifteen in all) are listed 
opposite the symbols of the boxes and covers which will 
accommodate the devices. Thesymbols refer to the illustrations 
on the insides of the covers and designate exactly what boxes 
and covers may be used for a certain device. 

Exampie.—lIt has been decided to use the General Electric Com- 
pany’s device, catalogue number 39,236, find the box and cover which 
can be used with this device. Sotutron.—First turn to the page on 
which is listed, in its left-hand column, the General Electric Co.’s device 
number 39,236. This is found to be page 40, as shown in Fig. 14A. 
In the middle column, under the heading ‘‘ Boxes,’’ on the same line 
with catalogue number “39,236,” will be found six key symbols, each 
of which refers to a box which will fit the specified device. The symbol 
“2A,” by reference to the left-hand flyleaf, refers to a 4-in. square 
box, new catalogue or Universal number ‘51,151’; symbol ‘3A’ 
refers to a 4-in. octagonal box of two different depths, etc. Covers to 
fit are taken from the symbols in the right-hand column of the page 
marked ‘‘Covers.”’” The symbol “2D” refers to a cover which has a 


new catalogue number ‘52,028,’ etc. If box 2A is used cover 2D must 
be used, the cover numeral corresponding to that of the box which it fits 


47. A Two-Piece Round Or Octagonal Pressed-Steel 
Conduit Box (Fig. 15). Is Used Very Extensively In Concrete 
Work as a concrete box. It isgenerally knownasa concrete bow. 
These boxes are made of pressed steel covered with a coat of 
zinc. The back of the box is fastened to the box body with 
screws. In installing the boxes on concrete forms, the box 
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Vic. 14.—Reproduction of a portion of the “ Universal key”’ developed and 
distributed by the Sprague Electric Works. 
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9184 
9185 
28856 
33559 
36817 


39236 
39237 
40496 
49355 
60717 


50745 
50746 
50753 
50755 
50786 


50797 
50798 
59807 
59873 
59874 


CONDUIT WIRING 


GENERAL ELECTRIC CO. 


2A-3A-3B-4A-4B-5A 

2A-3A-3B-4A-4B-5A 

2A-3A-3B-4A-4B-5A 

2A-3A-SB-4A-4B-5A 
2A-6A 


2A-3A-3B-4A-4B-5A 
2A-3A-3B-4A-4B-5A 
2A-3A-3B-4A-4B-5A* 
2A-3A-3B-4A-4B-5A 
2A-3A®3B-4A-4B-5A 


2A+3A-3B-4A-4B-5A 
2A8A-3B-4A-4B-5A 
2A-3A-3B-4A-4B-5A 
2A-3A-3B-4A-4B-5A 
2A-3A-3B-4A-4B-5A 


2A-3A-3B-4A-4B-5A 
2A-3A-3B-4A-4B-5A 
2A-3A-3B-4A-4B-5A 
2A-8A-3B-4A-4B-5A 
24-3A-3B-4A-4B-5A 


59875 
60018 
60019 
60020 
60124 


60294 
60295 
60296 
60447 
60448 


2A-3A-3B-4A-4B-5A 
2A-3A-3B-4A-4B-5A 


2A-3A-3B-4A-4B-5A 
2A-3A-3B-4A-4B-5A 
2A-3A-3B-4A-4B-5A 


2A-3A-3B-4A-4B-5A 
2A-3A-3B-4A-4B-5A 
2A-3A-3B-4A-4B-5A 
2A-3A-3B-4A-4B-5A 
2A-3A-3B-4A-4B-5A 


Covers 


2D-3D-4D-5D 
2D-3D-4D-5D 
2D-3D-4D-5D 
2D-3D-4D-5D 
2K-60 


2D-3D-4D-5D 
2D-3D-4D-5D 
2D-3D-4D-5D 
2D-3D-4D-5D 
2D-3D-4D-5D 


2D-3D-4D-5D 
2D-3D-4D-5D 
2D-3D-4D-5D 
2D-3D-4D-5D 
2D-3D-4D-5D 


2D-3D-4D-5D 
2D-3D-4D-5D 
2D-3D-4D-5D 
2D-3D-4D-5D 
2D-3D-4D-5D 


2D-3D-4D-5D 
2D-3D-4D-5D 
2D-3D-4D-5D 
2D-3D-4D-5D 
2D-3D-4D-5D 


2D-3D-4D-5D 

2D-3D-4D-5D 

2D-3D-4D-5D 
2D-3D-3M-4D-5D 
2D-3D-3M-4D-5D 


60449 
60450 
60461 
60452 
60453 


2A-3A-3B-4A-4B-5A 
2A-3A-3B-4A-4B-5A 
2A-3A-3B-4A-4B-5A 
2A-3A-3B-4A-4B-5A 
2A-3A-3B-4A-4B-5A 


2D-3D-3M-4D-5D 
2D-3D-3M-4D-5D 
2D-3D-3M-4D-5D 
2D-3D-3M-4D-5D 
2D-3D-3M-4D-5D 


60454 
60455 
60456 
60468 
60459 


2A-3A-3B-4A-4B-5A 
2A-3A-3B-4A-4B-5A 
2A-3A-3B-4A-4B-5A 
2A-3A-3B-4A-4B-5A 
2A-3A-3B-4A-4B-5A 


2D-3D-3M-4D-5D 
2D-3D-3M-4D-5D 
2D-3D-3M-4D-5D 
2D-3D-3M-4D-5D 
2D-3D-3M-4D-5D 


60460 
60461 
60462 
60463 
60464 


2A-3A-3B-4A-4B-5A 


2A-3A-3B-4A-4B-5A * 


2A-3A-3B-4A-4B-5A 
2A-3A-3B-4A-4B-5A 
2A-3A-3B-4A-4B-5A 


2D-3D-3M-4D-5D 
2D-3D-3M-4D-5D 
2D-3D-3M-4D-5D 
2D-3D-3M-4D-5D 
2D-3D-3M-4D-5D 
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60465 2A-3A-3B-4A-4B-5A 2D-3D-3M-4D-5D 
60466 2A-3A-3B-4A-4B-5A 2D-3D-3M-4D-5D 
60467 2A-3A-3B-4A-4B-5A 2D-3D-3M-4D-5D 
60468 2A-6A 2K-6M 
60469 2A-6A 2K-6M 
60470 2K-6M 
60473 2K-6M 
60475 2K-6M 
60476 2K-6M 
60477 2K-6M 
60478 2A-6A 2K-6M 
60479 2A-6A 2K-6M 
60480 2A-6A 2K-6M 
60931 SA-4A-5A 31-41-51 
60938 2A-3A-3B-4A-4B-5A 2D-3D-4D-5D 
60939 2A-3A-3B-4A-4B-5A 2D-3D-4D-5D 
60950 2A-3A-3B-4A-4B-5A 2D-3D-4D-5D 
60951 2A-3A-3B-4A-4B-5A 2D-3D-4D-5D 
60952 2A-3A-3B-4A-4B-5A 2D-3D-4D-5D 
2A-3A-3B-4A-4B-5A 2D-3D-4D-5D 
60954 2A-3A-3B-4A-4B-5A 2D-3D-4D-5D 
60955 2A-3A-3B-4A-4B-5A 2D-3D-4D-5D 
62357 1A-2A-3A-4A - 10-20-30 
62410 2A-3A-3B-4A-4B-5A 2D-3D-4D-5D 
62411 2A-3A-3B-4A-4B-5A 2D-3D-4D-5D 
62412 2A-3A-3B-4A-4B-5A 2D-3D-4D-5D 
62553 2A-3A-3B-4A-4B-5A 2D-3D-4D-5D 
62554 2A-3A-3B-4A-4B-5A 2D-3D-4D-5D 
82655 2A-3A-3B-4A-4B-5A 2D-3D-4D-5D 
62556 | 2A-3A-3B-4A-4B-5A 2D-3D-4D-5D 
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portions, with backs removed, are nailed to the wooden forms 
and the conduits are then attached (Fig. 15-Z). Fixture studs 
can be attached to the backs of the boxes in the usual manner. 


“Fixture Stud Stove Bolt 
AWNONGNTANN 

rcing Steel-s 
~ 


——— 


NS, 


: —— Se 
IConcrete Box With Back Removed 


IECconcrete Box With 
Back Attached 


Fig. 15.—Concrete box made by National Metal Moulding Co., Pittsburgh, 
Pa. InTJ the back is removed to permit the “making up”’ of the conduits into 
the box body. In JI the box is shown in position with the concrete-reinforc- 
ing steel in place, ready for the pouring of the concrete. 


After the conduits have been ‘‘made up” into the box portions, 
the backs are then fastened into place by means of screws 
(Fig. 15-I7). The use of this box saves time in installing. 
It will be readily noted that where it is 
used the electrician does not have to reach 
in under the box to fasten the conduit 
locknut and bushings—as he would have 
to do with a box which has a non- 
removable back. The boxes are 4 in. in 
diameter and are made in several depths. 


Norr.—ExtTension Rines (Fig. 16) together lzIn. Or 2bIn/ 
with conduit boxes may be used as concrete boxes. oars ee aes 
7 . a stee extension ring 
By means of extension Tings conduit boxes LEEDS shea pa fy atal hoe 
be made as deep as desired. Extension rings are ‘These rings are made 
made for the 4-in. standard pressed-steel square for octagonal and 
and octagonal boxes. These extension rings are @uare boxes. (Chi- 
made in depths of 114 and 2)¢ in. for the octagonal ©@9° Fuse Mfg. Co., 
: : Chicago, Til.) 
box and 114 in. deep for the square box. Thusifa 
2)4-in. extension ring is used with a 2}¢-in. box, there results the equiva- 
lent of a box 414 in. in depth. The extension rings are provided with 
knockouts in the sides, 
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48. A Waterproof Outlet Fitting Or “Floor Fitting” Or 
“Floor Body” That Is Used In Floors (Table 25), and which 
is sometimes known in the trade as a floor outlet box or a floor 
box, is shown in Fig. 17. This ‘‘box”’ is made in two types; 
one known as the adjustable floor fitting and the other as. the 
non-adjustable floor fitting. The adjustable type, as shown 
in Fig. 17, is provided with a movable cover plate which can 
be aligned with the floor even though the “box” is not accur- 
ately set. In the non-adjustable type the cover plate 
screws rigidly to the ‘‘box.’’ With this type, the “box”? must 


a? 
Soft 


Closing Plate Rubber 
Packing 


Hard. \ 
Rubber 
bushing q ; , 

[Pak Plate 


.--- Box Body 


cae punber | 
ii Gasket I i} 


I-Box Normal TE Box Inclined 


Fre. 17.—Watertight adjustable floor outlet fitting No. 6650 made by the 
Sprague Electric Works,.New York City. 


be accurately set, if the floor plate is to line up with the floor. 
The box part is generally made of cast iron or cast brass with 
an enamel finish. The conduit, in addition to being fastened 
to the box by the ordinary lockout and bushing, is screwed 
into a taper-threaded hole in the box, thus making a 
waterproof joint. The hard-rubber bushing has a soft- 
rubber compression bushing beneath it which insures a 
watertight joint between cable and nozzle. The brass nozzle 
screws into the brass cover plate, thus making a waterproof 
joint. When the electric device is to be detached from the 
receptacle, the brass nozzle is unscrewed from the cover plate, 
the plug withdrawn, and a brass closing plate screwed in the 
cover plate. 

Note.—OrnHer Cast-Iron WATERPROOF OUTLET FrTTinGs are made 


for marine work. They are plain cast-iron fittings, of round or square 
shape. These fittings are used for the services indicated in Table 25. 
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Notre.—Tue Copr Requirements As To Fioor “Boxes” are that 
unless special permission is secured, only approved floor outlet “boxes” 
designed for such service can be used in floors. Ordinarily special per- 
mission will be given only when there is every reasonable assurance that 
the “box” will not be subjected to moisture. An approved floor box must 
be provided with a waterproof rubber gasket between the box cover and 
the “box” body. A screw protective bushing, which prevents the 
entrance of water, must also be provided around the conductors or con- 
duit which leaves the top of the “box.” 


49. A Sectional Snap-Switch Box is shown in Fig. 18. 
This type of box is made of sheet steel in rectangular shapes of 
various depths, with removable sides. The box may be 


--Face-Plate Lugs Interchangeable 
S 4-----7-- Side Stampings 


Knockouts” 


Fig. 18.—Sectional snap-switch box with both sides removable. (Chicago 
Fuse Mfg. Co., Chicago, Iil.) 


purchased either with or without the removable sides. The 
principal feature of this type of box is that several of these 
boxes may be built up into a gang switch box by removing 
the sides of the boxes and fastening the units together, leaving 
a side on each end box. However, one box may be used as a 
single switch or receptacle box. No covers are required 
for the sectional snap-switch box as are required for the square 
conduit box (Fig. 12). In the sectional switch box, the 
receptacle or switch is fastened directly to the box. In 
the ordinary conduit installation, the square pressed-steel 
box with switch cover (Fig. 3) is more often used for a 
switch outlet box than is the sectional snap-switch box. The 
box shown in Fig. 18 has both sides removable. 


Note.—OruHer Forms Or SectTionat Snap-Switcu Boxes are made 
besides the one with two removable sides shown in Fig. 18. Some makes 
have only one side removable and thus have one partition between each 
box unit, when the boxes are fastened together to form gang switch 
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boxes. Other makes require special separators for forming gang switch 


boxes. 


50. Large Sheet-Steel Boxes, which usually have a black. 
enamel finish and knockouts, are often used as conduit boxes 
or cabinets. These boxes are generally used as: (1) Large 
junction boxes. (2) Large pull boxes (Fig. 19). (8) Cabinets. 
Different standard sizes and shapes of these boxes are made 

for the various services which 


Wz they are to perform. Special 
(alien bee oe steel boxes of almost any shape 


| ~E sheet fee’ and size can be had on special 
HH or : 
fH | / “SE 


order. Fig. 20 shows a con- 
venient form for ordering steel 
boxes. 


a3) y f 51. The Large Sheet-Steel 
2 Y, Junction And Pull Boxes, (Fig. 
=) : 19), have their four edges turned 


in and are provided with re- 
movable covers fastened with 
Fig. 19.—Sheet-steel pull box. machine screws. Thev are 
Same type of box can also be used z = 
as junction box. made in rectangular shape of 
various dimensions. Specially 
made boxes with the proper holes cut in them for the conduit 
are often used as junction and pull boxes in places where the 
standard box will not serve. The large sheet steel junction 
boxes are used in places where several conduit runs intersect 
or cross each other, as for instance over switchboards. The 
use of large junction boxes in such places, especially over a 
switchboard, eliminates the complicated conduit arrangement. 
which may otherwise be necessary. Where a large junction 
box is thus used, since all conductor junctions and crossings 
are housed in the junction box, the conductors are easier 
to install and a neater looking switchboard is obtained. Sheet- 
steel pull boxes may be used where several runs of conduit, 
lying close together, make a sharp bend (see Fig. 19). When 
so used they eliminate several costly bends or elbows and 
also facilitate the pulling in of the conductors. 


"SLocknut 


Notr.—A Saerert-SteeL BASEBOARD Box Or Duct (Fig. 21), called the 
Conduo-Base, is made by the Dahlstrom Metallic Door Co. The 
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‘“‘Conduo-Base,”’ which forms a large metal raceway for conductors along 
the wall, is well adapted for office buildings. In office buildings many 
changes in the electrical circuits are continually required after the 


eo-no- = =n >| 


MANUFACTURERS OF 
ELECTRIC SWITCH CABINETS AND TRIMS 


TELEPHONE NUMBER 2167 277 MINNA STREET SAN FRANCISCO CAL. ; 
ORDER NO.._____- 

7op Width 2 

; Depth? eee. ‘ _ JOB NO... |! 

| . + 4 ao —— i 

| | ase 7 How Many? t 

aks ee Gauge _ ©) ' 

; neta [Black <4 _|/ | | 

ie Sais asa Galvanized | || | | 

ee : ' Angle Edge 4 

® Panel Cutout And | Flanged « 

Ane | Switch Cabinet Few “ 

' | ; u H 

Metal ? = | Mark Hinges On pees Fata 

| | Is Bent s | \f se (NS 
| BME Grip neso a Sketch If Door a | : 
} : “ ' = Is Wanted ‘ 
| H ' 
| | " 

ye 


IEcabinet Assembly 
REMARKS 


Symbols | 
for Notes 


REMARKS 


u) Trim. Door SS 
' wee ” jai = Sas, rar.) |} S 
H EF Ee E 7 (Trim () jel 
t ©) 2 2 || Solid Door | 
? Trim... Flush Finish Trim |\Glass_« Cc ||| 
é x eo ea Oo 
| ' - TT 1.7 a uw ou BPR | 1 
! ® 2 Door- 2! | ce a i 
' f . ack oa OB ' 
i | is Surface Finish Kt Catch Seah 
Bf es Plain Door ; 
||Screw Cover | \ 
—— f 
= It Ponte aorery 
NAME ; 
iT 1 
ADDRESS PROMISED 


y 

F1qa. 20.—Order form which is furnished by one sheet-metal cabinet manu- 
facturer to its customers to insure convenience and accuracy in placing 
orders. On A the sizes and locations of the conduit drillings are shown. 
On B the overall size of the cabinet is specified. Im C the customer specifies 
by check marks the box construction details he desires. On D the size of the 
trim, door and glass window (if any) are specified. The trim and door con- 
struction which is desired is specified by check marks on F, F, or G and in H. 
Special features are specified under “Remarks,” 


building is completed. New receptacles must often be installed and 
switches must be moved. All these changes are difficult to make when 
the conductors are in concealed conduit, especially when the building is 
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of concrete. If “Conduo-Base”’ is installed around the walls of each 
room, and the conductors are run through it, changes in the circuits can 
be readily made. All the conductors are accessible and new receptacles 
can be placed in the base at any point. As shown in Fig. 21 the “‘Conduo- 
Base”’ is divided into two ducts, one for the “high-tension” or 110-volt 
and the other for ‘“low-tension”’ or signal conductors. 


> 
& 
S 
‘s 
& 
= > 
Ss 
4 §&§ 
= es 
St sc | 
a gL 
i aS 
=S 
AS 
te { 
Sse | Face OF 
a : > Rough Wall--- - 
= £3 [| 
ice Ss 
: gs | 
ei aS 
8 ze 
S Ss = 
S : ——- 
S|} z 
~ ; f 
ae { 
Si) ¢ LS 
de 
ESectional View IEPerspective View 
Fra. 21.—Sectional and perspective view of “Conduo-Base.’”’ Made by 


Dahlstrom Metallic Door Co., Jamestown, New York. 


52. Cabinets (sometimes called panel boxes) are practically 
always sheet-steel boxes. They may be of either the flush 
type (EH, Fig. 20) or the surface type (F and G, Fig. 20). The 
“flush boxes” are designed for installation in walls or parti- 
tions with their outer edges flush with the wall or partition 
finished surface. The ‘surface boxes” are designed to be 
installed with their backs against the wall or partition face 
and extend wholly from the face. 

53. For Flush Cabinets rectangular boxes, either similar to 
or identical with (except as to conduit holes and punchings) 
the sheet-steel pull boxes, are used (Fig. 22). The only 
difference between the flush panel box and the pull box is 
that the flush panel box has a steel cover plate or trim which 
laps over the edge of the box and which is provided with a 
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3 


5 


door, instead of the plain thin sheet-steel cover which is used 
As a panel box is used to house switches, 
cutouts, or both switches and cutouts, it isintended to be opened 


on the pull box. 


rim 


( Heavy Duty = Two-Circuit 0 
30-Ampere [marcel +” Unit 
Turnbler Switches. —_’ Construction 


barriers 
Cover 

Terminal 

Connection 


ao) € 2 
lo <i & 
Om () 
Standard N.E.C. 
Fuse Plug. 

oO 2B 


— 
jo @ 
[comc3) 


af 


=e 


Fie. 22.—Showing panel box with dead-front type panel inserted. 


frequently. Thus it is provided with a door, has a neater 
looking cover, which hides the box, and is usually located in a 
more easily accessible place than the places where pull boxes 


are located. 


perp 


HO ie 
Corner @. 


Supports ALY 


Adam Electric Co., St. Lowis, Mo.) 


TT ic 
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I 


a 
ZI 
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Terminals 
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Accesible 
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54. Surface-Type Cabinets (or “panel boxes”’) often have 
a sheet-steel door hinged directly to the box (Fig. 4). Since 
such boxes are intended to project from the wall they are 
generally used only in exposed-conduit installations. Boxes 
which have a sheet-steel door hinged directly to the box may, 
- however, be used in con- 
> Ben esate ve cealed-conduit _installa- 
i: emi: female’ tions, but they do not 
make as neat an appear- 
ance as the flush panel 
ail i boxes. The principal use 
al Ly ) of a surface-type box is to 
= ceasing for house a large knife switch, 
# In. Conduit with or without cutouts, or 
x ip RUS nes a several cutouts, while the 
: at Lil Ta = principal use of the flush 
CY (i Ne g\-—4-} panel box is to house large 
ie B panels containing many 
small switches or cutouts. 
npranch Body It is the flush type which 
7 i is used almost exclusively 
me in office and _ residential 
* buildings. 


Tapped For--” 
8-32 Machine 
crew 


(Sk 


Note.—WuHEN THE CaBINET 
Or “Panet Box” Is Com- 
PLETELY INSTALLED, the whole 
box unit, including panel, door, 
etc., is also known as a panel 
box or cabinet. 


I- Deep Body 


Fira. 23.—Showing outlet fittings of the aes ‘“ ” 
knockout type. The dimensions of the Nore. ie BARRIER Or 
boxes may vary 14 9-in. from those shown. A PANEL (Fig. 22) is the par- 
The sheet steel used for the making of tition arranged around the edge 
pias boxes is 3% 9-in. thick. Several of the panel and extending from 
different concerns manufacture this line 
of ditties: the panel to the front edge of 

the box. The part within the 
box, outside of the barrier is called the wiring gutter or the gutter; see 
Mig 22. 


55. Conduit Fittings (Fig. 5)—-see Sec. 30 for definitions— 
are made in various types and shapes by different manufac- 
turers. They are used chiefly in exposed-conduit installations 
to serve the functions that conduit boxes (Sec. 28) or conduit 
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cabinets serve in concealed-conduit installations. They 
are made of cast iron or of pressed steel by different manu- 
facturers. They can be had in either black-enamel or galvan- 
ized finish. Either porce- . ,. 
lain or steel covers can be +,Wires 


had for most of these out- 5 27 
let fittings. was 
Note.—Smatt ConpvirT | a Fa: 
Boxes (Fig. 23) are now being SS a ca 
made to take the place of alarge $8 |//4" 
number of different conduit fit- ~ ae 
tings of the screwed-cover type. N Bae 
They are sometimes called con- © || 
duit bodies. The advantage of 8 eee TAdapti Entrance Ell-Detail 
using knockouts is that with & ee 
only the three conduit boxes “sllP | 
shown in Fig. 23 practically all ee 
of the combinations requiredin  ~ eZ Z 
exposed-conduit installations ~ ee 
can be obtained. The boxes os § i Za 
are of galvanized pressed steel s§ an SE (seat 


similar to that used for the . 5 Ge —— ae 
standard octagonal conduit box. z, 

The boxes of Fig. 23 can be used 
with either 14 or 34 in. conduit. 
For the 34-in. conduit installa- 
tions, the nipple and coupling i 
(A, Fig. 23) areused. For -in. “ik Lae 7 
conduit installations the nipple mS ; 

with the female and male oY ae oe 


threads and the locknut (B, 


e 


Entrance 
Switch Box 


T--Entrance Switch 
) Ee —— 


~- Entrance 
Cutout 


*e Yee E IK EE orouny basement 
Fig. 23) are used. The -in. pee ne — 
conduit is screwed Ae ok “s eo oe 
nipple. This line of conduit iG eee gait 
boxes is made by the SpraGuE a Niner Pipe : 


MZ 
rate be Pee en ena GIONS Ba os 8 ae. 
1.685 sa teing WOO op 0.0.8 


Exrectric Works, THomas & 
Betts Co., Pratt-Cuuck Co. 
and the Stren City ELrectric 


ec: Fig. 24.— Conduit service-entrance 
56. An Entrance Cabinet @!rangement showing service-switch-and- 

(B, Fig. 24) is a conduit cab- ieusee ee 

inet which is usually placed on the inside of the building, near 

the point of entrance, for housing the main or service cutouts, 

or both cutouts and switch if both are in the same case. It 


ILElevotion of Service Entrance 
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is usually placed. as near the conduit entrance to the building 
as possible and always ahead of the meter. The entrance 
cabinet is generally a sheet-steel box, similar to a panel box 
or ordinary cabinet. An entrance connection is shown in Fig. 
24. 

Norre.—An Entrance Heap (H, Fig. 24) is a terminal separator 
(See. 38) used at the entrance of the conductors to the conduit system. 
It is usually a terminal fitting. To be approved by the “National 
Electrical Code,” it must have a porcelain separator cover and must 
point downward to prevent water from flowing down into the conduit. 

57. The Accessories Generally Required In Conduit 
Installations, not including conductors and wiring devices, are: 
(1) Couplings. (2) Elbows. (3) Bushings. (4) Nzupples. 
(5) Reducers and reducing bushings. (6) Locknuts. (7) Straps 
and Hangers. (8) Fixture studs. The accessories here listed 
are only those required for the installation of the conduit 
itself. The accessories listed above are required in flexible- 
conduit installations as well as in rigid-conduit installations 
with the exception of elbows. Likewise in flexible-conduit 
installations, box connectors, which serve also as bushings, 
are used. 

58. The Standard Coupling Used In Rigid-Conduit Installa- 
tions is a malleable-iron pipe coupling, covered with either a 
zinc or an enamel coating. The dimensions of these couplings 


Screw paneer i. 


Inside Zi Ki Wy 
| Bushing. ny WM 
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bd 


~~ Hexagon 
Head 


Outside ie 
Fie. 25.—The “Erickson”’ coupling. Fie. 26.—Split coupling for 
(Thomas & Betts Co., New York City.) rigid conduit. (Thomas & Betts 

Co., New York City.) 

are the same as those of standard pipe couplings (see the 
author’s “American Electricians’ Handbook,”’ for these dimen- 
sions). ‘This coupling, in combination with a running thread 
and locknut, is also used where a piece of conduit is to be 
inserted in an existing run (see Sec. 162); it is probably the 


Suc. 59] MATERIAL AND SUPPLIES 39 


least expensive and simplest way of inserting a piece of conduit 
in an existing run. 


Nore.—Severat Specrat Couptines Arr Manuracturep which may 
be used in rigid-conduit installations when it is desired to insert in or 
remove from an existing run a length of conduit. One of these is the 
Erickson coupling (Fig. 25) which is somewhat similar in construction 
to the wnion used in pipe installation. Another is the threaded-split 
coupling shown in Fig. 26. Both of these have the disadvantages, that 
they are expensive, and are composed of more than one piece. Their 
advantage is that they make a neater looking job than the running 
thread. The threaded-split coupling has the further advantage that it 
may be used in cramped places where a wrench cannot be used. 


59. In Flexible-Conduit Installations, Split Couplings Are 
Used for joining the pieces of conduit together. One type 


Flexible Condu/t bottom Half 
é SON aN, 


Flextble Conalurt. Sj : 
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Fie. 27.—Coupling for flexible steel- Fie. 28.—Joining  flexible- 
conduit. (Thomas & Betts Co., New  conduitends with standard coup- 
York City.) ling. 


of split coupling for such use is shown in Fig. 27. Other 
types of these couplings are made, some with four clamping 
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To-kigia- 


conduit wie Shee ” Is 
Coupling Bolts 
“Top Half 


IL-Half Coupling 


Fig. 29.—Joining flexible conduit to rigid conduit with special coupling. 


screws (Fig. 28) instead of two. Combination couplings 
(Fig. 29), which have one end threaded and the other end not 
threaded, are used to connect flexible conduit to rigid conduit. 
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60. The Standard Elbow Used In Rigid-Conduit Installa- 
tion consists of a piece of conduit threaded at both ends and 
so bent that the two ends make a 90-deg. angle with each other. 
These elbows are made in all conduit sizes. The offsets 
of the standard elbows vary with the size of the conduit 
from 7.5 or 6.68 in., depending on the manufacturer, for the 
1g-in. nominal inside diameter, to 19.37 or 17.25 in. for 
the 8-in. nominal inside diameter. Special elbows with 
different degree bends may be had upon order. As a general 
rule, elbows are seldom used for conduits of diameters less 
than, say, 1 in., since it is usually more economical and easier 
to bend the smaller-diameter conduits to the proper curve, at 
the place of installation, than it is to use standard elbows. 

Nore.—MatieasiE-Iron Prpe Evpows Wuicu Have A Zinc OR 
ENAMEL CoatineG (these are the same elbows as those which steam- 
fitters and plumbers use) are sometimes employed in conduit installa- 
tions, near conduit cases. Since it is difficult to pull the conductors 
through their sharp bends, these elbows should be used only at conduit 
cases—never in the middle of a run. Their use violates the ‘‘ National 
Electric Code” which specifies that the radius of the inner edge of any 
conduit bend shall be not less than 314 in. Split pipe elbows (similar to 
the split pipe coupling shown in Fig. 26) are also sometimes used. 

61. Conduit Bushings (Figs. 30 and 31), made of malleable 
iron or of formed sheet steel, are used on the ends of rigid 

,Large-Radius Rounded Edge 
‘ Pa) tandard Pipe Thread 


_ — 


F inger:" Collar 


Grip Around Base” “Projection For Gripping 
Fie. 30.—Conduit bushing. Fig. 31.—Conduit bushing. (Steel 
(Thomas & Betts, New York City Electric Co., Pittsburgh Pa.) 


City.) 


conduit where the conduit enters a conduit box (Fig. 32) 
or cabinet. The bushings prevent the conductors, when they 
are being “pulled in,” from rubbing against the sharp edges 
of the conduit. The bushings may also assist in rigidly 
connecting the conduit to the conduit box, when no locknut 
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is placed on the inside of the box. Two types of conduit 
bushings are shown in Figs. 30 and 31. The type shown in 
Fig. 30 has a collar around the base and has the advantage 
that it closes up the hole in the conduit box. 


Bushing 
Cap--- 
_ Standard 

“ Pipe Thread 


---Rigid Conduit 


Lcap Removed 
foarte Serrated 
ris : > \ Grip. 


conduit 7. V connector 


outlet Box eee 
Flexible reap I-Cap Attached 
Fie. 32.—Showing rigid and flexible Fie. 33.—Detroit closed bush- 
conduit connections to an octagonal con- ing. (Detroit Closed Bushing Co., 
duit box. Detroit, Michigan.) 


Notr.—Cuosep Busuines, For Capping THE Enp Or A ConpnuitT 
Run, can now be obtained. Conduit systems should be “corked,” 
during the construction of the building to prevent the entrance of mois- 
ture, dirt, concrete and the like and to insure a perfectly clean dry race- 
way into which to pull the conductors. One type of closed bushing is 


Knurled To Frt Pliers. 
Conduit End. Fe Flanged To Cover Hole In Outlet Box-. 


_Condutt Box TLocknuk 


I-Open Conduit ete In I-Removing eee For 
End Place Cap Wire Pullir 


Fic. 34.— Illustrating the application of the Bushette which is manufactured 
by Walker Bros. & Haviland, Otis Building, Philadelphia, Pa. The Bushette 
is made of die-cast zinc. 


shown in Figs. 33 and 34. The closed bushing renders unnecessary the 
use of wooden plugs (Fig. 35) or metal discs (sealing discs) for sealing con- 
duit ends during the construction of the building and prior to the pulling 
in of the conductors. It also has the advantage over the bushing and 
dise (Fig. 36), in that the bushing does not have to be removed when the 
conductors are to be pulled. When closed bushings or standard sheet- 
metal sealing discs cannot be obtained, copper pennies (the one-cent 
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Closed bushings or sealing discs are much 


coin) may be used as discs. 
The bushings and dises 


better than the common wood or paper plugs. 


Conduit BUSPING-~~ 5 ga 
Pie ae Z 


Wooden Plug’: 


Fig. 35.— Wooden plug for closing conduit end. (M. B. Austin Company, 
700 Jackson Blvd., Chicago, Ill.) The Austin plugs are so tapered that they 
can be installed in conduit ends which have or which do not have bushings; 


they can be used over and over again. 


bushing 
i Seating Disc. 


Slot _.-Locknut 


“Stove Bolt 


IE Standerd Pipe Thread-’ 
Fie. 37.— “Squeeze’’ type box 


Fre. 36.—Sealing conduit end witha 


disc. connector. (Sprague Electric Works, 


New York City.) 


Locknut.. 


= wes 
Standare 

Pipe 

Thread 


Clamp... 
* Stove 
Bolt 
T48-Degree I-90- Degree 
Connector Connector 
Fie. 38.—Angle, “squeeze”’ type Fig. 39.—Duplex “squeeze”’ type 
box connector. (Sprague Electric box connectors. (The M. B. Austin 
Works, New York City.) Co., Chicago, Ill.) 


do not leak, are not easily dislodged accidentally, and they may be readily 
removed when the conductors are ready to be pulled in. 
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Norre.—A Fiexrpie-Conpurr Busutne Or Box Connecror (Fig. 37) 
is used where flexible-steel conduit enters a conduit box. These con- 
nectors are usually made of cast iron (malleable) but are sometimes 
formed from sheet steel. One end clamps on the conduit; the other end 
is threaded so that it can be held in the box by means of a locknut (Fig. 
32). These connectors are also made with 45 and 90 deg. angles as 
shown in Fig. 38, and duplex as shown in Fig. 39. 

Notre.—Knocxour Puncuines May Bre Usrv For Seating Conpuir 
Enns as in Fig. 36. Use 14-in. knockout punchings for 34-in. conduit and 
34-in. punchings for 1-in. conduit. 

62. Conduit Nipples (lig. 40) are sometimes used for the 
same purpose as are conduit bushings. They have a smooth 
rounded inside surface and are employed 
in connection with a conduit coupling to 
connect the conduit to a conduit box; the 
end of the coupling bears against the outer 
face of the box. When this method is used, 
the box may be removed at any time with- : 
out disturbing the conduit. The nipple is \ Sfandaral 
not frequently utilized as it is more expen- 
sive and takes longer to install than the ,2;%, ane 
bushing. It may, however, be conveniently ple. (Thomas & Betts, 

Gs : New York City.) 
used where a conduit is a little too short to 
reach sufficiently far into a box to take alocknut. For dimen- 
sions of the various sizes of conduit nipples see the author’s 
“American Electricians’ Handbook.” 

63. The Reducers And Reducing Bushings (sometimes 
called adapters) used in conduit installation are the same as 
ordinary steam or water-pipe reducers and reducing bushings. 
The conduit reducer, however, must have an enamel or gal- 
vanized protective finish. Either 
areducer or reducing bushing 
may be employed where a reduc- 
tion in the size of the conduit is 
to be made. They are seldom 


Rounded Edge. Hexagon 
awe Sr ip. 


; a Coupling End. 
ry Peoenee Rearmed Coupling £7 : 


7 eres used in concealed work, but are 

coupling Threaded  — % Condutt. : f 

ie often used inexposed work where 

Fre. 41.—Reducing bushing made it is desired to use larger outlet 
from an ordinary coupling. fittings 


Notr.—A Repucing Busuina May Be Mane (Fig. 41) From An 
Orprnary Coupiina.—It is possible to make a 34 to }4-in. bushing from 
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a 14-in. coupling by cutting a 34-in. pipe thread on the outside of the 
coupling. In the same way, a 1 to 34-in. bushing can be made by 
threading the outside of a 34-in. coupling. 

64. Conduit Locknuts are screwed on the conduit where 
the conduit enters a conduit box (Fig. 32) or, cabinet. 
These are necessary to con- 
nect the conduit to the box 
rigidly and to insure that the 
conduit system will be elec- 
trically continuous as is re- 
quired by the “Code.” The 
standard conduit locknuts are \ : : ian 
thin punched steel nuts, either = TLocknut pall es ae ies ae 
octagonal or hexagonal in conduit-ft yt Way 
shape (Fig. 42). Another type 7 
of locknut, which has been 
approved by the Under- 
writers’ Laboratories is, as 
shown in Fig. 48, made of one 
piece of sheet steel. It has 
the advantages that it is 
economical, does not require 


~ 


s ‘Knockouts 


AR, 


IELocknut Attached 


Fie. 42.—Hexagonal punched Fig. 43.—The conduit-locknut, called 
steel conduit locknut. (Thomas “Condulocknut,’’? made by the Central 
& Betts, New York City.) Nut Lock Co., 322 S. Michigan Ave., 


Chicago, Ill. 


good threads on the conduit, and does not have to be screwed 
on the conduit, since it is simply slipped into position. How- 
ever, a locknut of this type cannot be readily used on both 
sides—inside and outside—of a conduit box. 


Notr.—ANn Improvised Conpurt Locxnut (Fig. 44) may be made by 
cutting off (with a hacksaw) from a coupling of the proper pipe size, 
a piece from }4 to 3g in. long. Such a “locknut”’ can be set up tight into 
position with a pipe wrench. Remembering this kink may render unnec- 
essary a trip to the shop to obtain a few missing locknuts, 
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65. Conduit Clamps Or Conduit Straps are simply pipe 
straps. They are made in various types, sizes, and shapes, 
each of which has its uses. Some types, as shown in Fig. 45, 
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T-Locknut In Place Coupling I-Conduit Strap, One Hole 
Fia. 44.—“Locknut”’ improvised from a con- Fig. 45.— Conduit 
duit coupling. hangers for clamping 


conduit. 


are made for fastening the conduit to wooden members—or 
to wodden plugs or expansion anchors in holes in masonry 
members—of the structure. Conduit hangers or condutt 
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Fig. 46.—‘“ Efficiency’’ conduit hanger. Made regularly in different sizes 
for conduits ranging in size from 14 in. to 4 in.; larger sizes are made precy, 
The fingers are adjustable so as to “take”’ metal flanges ranging from }46 
in. to 5¢ in. in thickness. (Hfficiency Electric Company, East Palestine, 


Ohio.) 


supports (Figs. 46, 47 and 48) are made for fastening the 
conduit to or suspending it from I-beams and other structural 
members. Toggle bolts are used for fastening conduit clamps 
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to tile or to metal-lath surfaces. A few common types of 
toggle bolts are shown in the author’s “ American Electricians’ 
Handbook.” 


Notr.—Conpuir Straps are made with either one or two holes to 
accommodate the supporting screws or nails (Fig. 45). The straps with 
the two holes will, obviously, hold the conduit more firmly or will hold a 
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Fie. 47.—Conduit hangers for clamping conduit to I-beams. 


greater load. They should be used where heavy loads are carried or 
where rigid support is desired. The one-hole strap has the advantage that 
it can be used in corners, in running one conduit run close to an existing 
run, or in other cramped places where there is not room enough for the 
two legs of the two-hole strap. They require less time to install because 
they are fastened by only one screw or nail. However, the two-hole 
strap may also be fastened in only one place, if desired, by leaving the 
other hole open. 

Notr.—Ovtier Box Hancers (Fra. 49) should be used where a heavy 
vertical load, such as that due to a large luminaire, will be imposed on an 
outlet box, See Sec, 174 for further information, 
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Fig. 48.—Conduit supports, for structural steel members, made by” the 
C.G. Korns Co., Johnstown, Pa. 
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66. A Fixture Stud (Fig. 50) is a stud which is attached to 
an energy outlet box or fitting for the purpose of supporting 
a fixture. <A fixture stud may be used for the support of 


Crossarm (Crosshead) 
Not Furnished by Manutacturer 


LEnd View ILSide View 


Fic. 49.—Outlet box hanger, for use where heavy loads are to be supported. 
(Patented by The Thomas & Betts Company.) 


either ceiling or wall-bracket fixtures. The crow-foot type, 
which is generally used, is held to the conduit box by 


“Projection 
To Engage 
Screw Hole 


---Locknut 


I-Fixture Stud installed 


Fie. 50.—New Kwikon “No-Bolt’’ fixture stud. (S. R. Fralick & Co., 
Chicago, Ill.) 


three or four small stove bolts (Fig. 9). <A relatively new 
type is shown in Fig. 50. This is easier to attach than the 
crow-foot type as with it only one nut—a locknut—has to be 
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tightened. Other types are made and sometimes used under 
special circumstances. 

67. Knockout Fillers Or Caps are used for closing up 
(blanking) knockout holes. They can be purchased for 
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Fic. 51—Knockout caps made by the Fie. 52.—Showing how filler is 
Trumbull Electric Mfg. Co., Plainville, cut. 
Conn. 


closing either round or U-shaped holes, as shown in Fig. 51. 
An improvised knockout filler can be made of sheet iron as 
indicated in Figs. 52 and 53. The piece of sheet iron is cut 
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Fig. 53.—Appearance of sheet-steel Fig. 54.—“ Blanking” a knock- 
filler in position. out hole with a knockout punch- 


ing, a bushing, a nipple and a 
locknut. No inspector can decline 
to pass this, whereas those methods 
which employ thin sheet iron are 
sometimes not accepted. For 1-in. 
conduit use a 34 in. punching. 


along the lines indicated in Fig. 52. The corners, C, are cut 
off. The fingers, /, are then bent vertically upward, pushed 
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through the knockout hole, and again bent down to the position 
shown in Fig. 53. Other improvised methods of blanking 
knockout holes are shown in Figs. 54, 55 and 56. 
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Fie. 55.— “ Blanking” a knock- Fig. 56.—In I and III is shown the 
out hole with roofing washers. method of “blanking’’ a knockout hole 
Paint all, after completion, with with a knockout punching and two 
black stove-pipe enamel. rivets. (Often the punching may be 

7 securely fastened, without using rivets, 
merely by pounding around the edge of 
the punching, on the outside of the box, 
against an iron block held inside of it as 
at I.) 


68. Wire For Installation In Conduit, must to conform to 
“Code” requirements, be rubber-covered except in perma- 
nently dry, hot locations where slow-burning insulation may be 
permitted. Single-braid wire is permitted for single con- 
ductors smaller than No. 6. For single conductors larger 
than No. 6, or for duplex or multiple conductors, double-braid 
wire should be used. Each conductor must be continuous 
from outlet to outlet without splices or taps. Solid wires 
may be used for conductors up to No. 8, but for conductors 
of No. 6 and larger stranded wires should be employed. 


Nore.—In Damp Or OTHERWISE “Hazardous” Locations, lead- 
covered or specially treated wire should be used as explained in Diy. 12. 
Conductors in conduit, which operate at pressures exceeding 600 volts, 
between generators or motors and switchboards should generally be 
multi-conductor leaded cables. 


69. An Elexit is a patented electric-outlet device which 
renders lighting fixtures portable (Fig. 57). An Elexit 
receptacle, which is concealed by an inconspicuous brass 
cover plate, can be installed in either a wall (Fig. 58) or ceiling 
outlet case (Fig. 59). Any lighting fixture which is equipped 
with a suitable Elexit plug can be attached to it quickly and 
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without the aid of tools. Any portable appliance may also 
be plugged into an Elexit receptacle—if it is not being used 
for lighting purposes. Both the standard tandem- and the 
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Fie. 57.—Standard wall Elexit receptacles and plugs and wall fixtures of 
different designs, showing how the fixtures attach to the Elexits. 

I—To hang bracket, insert plug and slide bracket bridge, B, over spring 
hook, S, of Elexit plug, which provides a snug fit for various bridges. 

II—To hang bracket, insert prongs, P, in slots, S, and slide bracket down- 
ward into locked position, the electrical contactor prongs EH, remaining 
stationary. Canopy is then slipped back against the wall to cover the plug 
and receptacle plate. To disengage, loosen set-screw and slip canopy 
forward, pull releasing spring and raise slightly. 

ITI—To hang luminaire, insert plug, slip bracket over threaded stud, 7’, 
and screw up center knob, K. 


parallel-blade universal plugs will fit the wall Elexit receptacle. 
The purpose of an Elexit is to allow for unlimited changing 
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Fic. 58.—Standard wall Elexit receptacles, and receptacles in position under 
finishing plates. 


of luminaires (lighting fixtures) so that they will harmonize 
with any architectural or color scheme of furniture and 
decoration. 
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70. Luminaires Can Be Changed Almost Instantly Wherever 
An Elexit Is Located.— The Elexit plugs have metal supporting 
casings which contain the electric connection plugs. This 
casing is provided with hook projections which lock into the 
Elexit receptacle and carry the weight of the fixture. To 
remove the casing from the receptacle, it is only necessary 
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Fig. 59.—Elexit ceiling receptacles and plug. This shows two circuit 
receptacles and plugs. Single-circuit receptacles and plugs are made and are 
like the above except that they have only 2 plug contactors C, and only 
two contactor slots S. These Elexits may be installed in any 3}4 in. or 4 in. 
outlet box which has a stud. The plug will support fixtures weighing up 
to 100 lb. To Attach A Ceiling Fixture To An Elexit, insert the prongs, P, 
in the slots, M, and turn to the right until the spring, LZ, clicks. To detach, 
lower Z and turn the plug to the left. 


to release a small spring catch. This is easily done but it 
must be done intentionally. The positive lock prevents any 
chance of the fixture being accidentally dislodged and falling 
and breaking. The Elexit has been approved by the Under- 
writers’ Laboratories. Elexits can be installed with any system 
of concealed wiring. 

71. The Elexit Receptacles And Plugs Are Of Two General 
Types: (1) Wall type, Fig. 57. (2) Ceiling type, Fig. 59. 
Both are discussed below. Any Elexit wall plug will fit any 
Elexit wall receptacle. Any Elexit ceiling plug will fit any 
Elexit ceiling receptacle. But the wall plugs will not fit 
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Co 


the ceiling ‘receptacles nor will the ceiling plugs fit the wall 
receptacles. 


Nore —Tue Exexir Has Been Stanparpizep for interchangeable 
use. An Elexit plug will fit the corresponding Elexit receptacle, regard- 
less of what manufacturer made either part. A number of different 
manufacturers are now making Elexits. 

72. How To Install Wall-Type Elexit Receptacles is ex- 
plained in the following which is taken from Bryant Electric 
Co., publications and from an article by E. C. White in 
Electrical Merchandising. The use of outlet plates for either 
wall or ceiling outlets is discouraged. Outlet boxes which will 
provide the conditions herein outlined should be installed, 
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Fic. 60.—A wall Elexit receptacle installed in a 3}4-in. conduit-outlet 
box which has no fixture stud. Wall outlet boxes and box covers are often 
tapped for 2 No. 8-32 screws, spaced 234 in. apart, center to center, and 
arranged diagonally. Elexit receptacles may be installed, as shown above, 
by using these screw holes. 

Fic. 61.—A wall Elexit receptacle installed in a 314 Zig conduit-outlet box 
which has a fixture stud. If wall outlet boxes have. 3¢ in. fixture studs, the 
end of each stud must be at least °¢ in. back of aciched wall. An Elexit 
receptacle can then be installed at any time. 


even for knob-and-tube installations. The wiring contractor 
should bear in mind that, in the majority of cases, he will sell 
the Elexit receptacle and plate and must install them so as to re- 
ceive the Elizilier (any lighting fixture arranged to be mounted 
on an Elexit receptacle) in an acceptable manner. Under 
all circumstances extreme care must be used to set the recep- 
tacles exactly flush with the wall face, otherwise the plugs 
will not seat with the wall surface. Detail instructions are: 
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OvaL Wai Recepractes.—Elexit wall receptacles must always be 
installed flush. LX-101 receptacle (Fig. 58-7) consists of a steel supporting 
plate with an electrical receptacle attached. These two parts do not 
come separately. The steel supporting plate has screw holes so located as 
to permit Elexit installation under various standard outlet-box conditions. 
The electrical receptacle has double-T slots and will accommodate the 
parallel-blade cap of standard attachment plugs, as well as any Elexit 
plug for wall brackets. Connect the outlet wires to the binding screws of 
the receptacle. The steel supporting plate which takes the whole strain 
of supporting any wall bracket fitted with an Elexit plug, is then securely 
attached to the outlet by any of the following means: 
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Fie. 62.—An Elexit wall receptacle installed in a 4-in. conduit outlet box 
which has no fixture stud. If wall outlet box covers are tapped for 2 No. 
8-32 screws spaced 39.9 in. apart, and arranged vertically, Elexit receptacles 
may be installed by using these screw holes. If the openings in such box 
covers are sufficiently narrow, the Elexit receptacles may be finished with 
narrow oval plates as illustrated above. 


On 3)4-In. OutLET Boxes WitHoutT Fixture Stup (Fig. 60).—Stand- 
ard boxes of this size are either round or octagon, are 144 in. deep and 
have two tapped lugs spaced 234 in. on centers diagonally. Attach 
LX-101 receptacle directly to the lugs with No. 8-32 screws furnished 
with receptacle. 

On 344-In. Outter Box Wiru Srup (Fig. 61).—If end of the 3¢ in. 
fixture stud is 5g in. or more back of wall, serew LX-151 wall stirrup on to 
the stud so that tapped holes in stirrup are horizontal. Then attach the 
steel supporting plate to stirrup with No. 8-32 screws furnished with 
receptacle. 

Ow 4-In. OuTLET Boxes WitH Box Covers (Fig. 62).—If box cover 
has tapped lugs which are spaced 399 in. on centers vertically, or spaced 
234 in. on centers diagonally, attach the steel supporting plate directly 
to lugs with screws furnished with receptacle. If box cover has no lugs, 
attach to fixture stud using LX-151 stirrup as described above. If 
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end of fixture stud is 114 in. or more back of wall, use LX-153 stirrup 
which is like LX-151 but longer. 


On Box Covers 52C63 Anp 54C63 (Figs. 63 and 64).—These box 
covers are sold by ten outlet-box manufacturers for 4-in. square and 4-in. 


“Tapped For “Tapped for 


No. 8-32 Machine Screw No. 8-32 Machine Screw 
Fic. 63.— No. 52-C-63 square, Fie. 64.—No. 54-C-63 round 
4-in. box cover for Elexit narrow 4-in. box cover for Elexit narrow 
oval plate. oval plate. 


round or octagon boxes respectively, and are tapped on 39%49-in. centers 
vertically so that steel supporting plate may be attached directly to 
cover by screws furnished with receptacle. Hither LX-101 (Fig. 58-1) or 
LX-111 (Fig. 58-///) receptacles can be attached to these covers. 

Ovau FinisHine Piuate.—After an LX-101 receptacle has been installed 
by any of the above methods, attach 
LX-301 finishing plate (Fig. 58-I7) to the — Clamps for 
steel supporting plate with screws fur- CoE Agi 
nished with the finishing plate. Outside ' 
dimensions of this plate are 41g in. high & 
3% in. wide X 14 in. deep. ‘60 

Narrow Ovat Watt RECEPTACLE.— 
LX-111 wall receptacle (Fig. 58-///) is 
the same as LX-101 except that the steel 


Jy 


7 Flexible 


G : 3 as Yor Armored 
supporting plate is narrower. This elimi- Cable 
nates most of the holes provided for - 

/,. Knockout 


attachment. The LX-111 can only be 
attached to outlet boxes by screws spaced 
3% in. oncenters vertically. They should, 
therefore, be installed as follows: 
Narrow Ova Watt ReEcEPpTacLe ON 
4-In, OuTLET Boxes Wits Box Covers.— f 
Square boxes with No. 52C63 box covers bee Lokgere ae Eee 
(Fig. 63), or round or octagon boxes with jets in completed buildings. 
54C63 box covers (Fig. 64) should be used. 
The steel supporting plate of LX-111 is then attached directly to the box 
cover with two No. 8-32 screws which are furnished with the receptacle. 
Narrow Ovat Finisnine Piuatre.—After LX-111 receptacle has been 
installed by any of the above methods, attach LX-311 finishing plate 
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(Fig. 58) to the steel supporting plate with screws furnished with the 
finishing plate. Outside dimensions of this plate are: 44g in. high., 
2'4¢6 in. wide, 1¢ in. deep. 

ApDITIONAL OuTLETs IN CompLeTED Burtpines.—No. 11 rim-clamp 
box (Fig. 65) is intended to provide a metal-lined opening for fishing 
wires or steel-armored cable and also a finished support for either LX-101 
or LX-111 (Fig. 58-I and -I//) wall receptacles. The clamps are made to 
grip the lath on both sides, and the box is then installed flush and the 
clamps are plastered in. The front clamp has two tapped holes spaced 
3%» in. vertically on centers, to which the steel supporting plates of the 
Elexit receptacles are attached direct with two No. 8-32 screws, which are 
furnished with the receptacle. 

Prucs For Rigi ArracumMent To WaLL Brackets.—LX-501 plug 
(Fig. 57-17) is threaded with a 3g-in. standard female thread for permanent 
attachment to slip-canopy brackets, or it may be brushed down for use 
on brackets which are supported by center knobs. Plug LX-507 (Fig. 
57-IIT) is the same as LX-501 except that it is threaded with a 1-in. 
standard male thread. It is used for supporting brackets supported by 
center knobs, as in Fig. 57-[77. Or it may be permanently attached to 
slip-canopy brackets made of 3¢-in. brass tubing. 

In Arracuinc THrese Pitues To Sire Canopy Brackets (as in Fig. 
57-III, for example) care should be taken to see that the back edge of the 
eanopy will slip to a position 1 in. back of the back edge of the plug, 
since this is the relative position the canopy will occupy when the bracket 
is installed on an Elexit receptacle. 

Prue Wirn Sprinc Hook For Bripce Brackets.—Plug LX-511 
(Fig. 57-J) is for attaching brackets which are provided with an attach- 
ment bridge B, Fig. 57-I. Only the fixture cord extends between the 
plug and the bracket. Sufficient slack cord should be allowed so that the 
plug may be conveniently inserted in the receptacle and then the attach- 
ment bridge, B, is slipped over the spring hook, S. Care should be taken 
to see that the bridge is permanently so set into the back of the bracket 
that the front of the bridge is not more than 3¢ in., and the back of the 
bridge is not less than 34,:in., within the bracket edge which rests 
against the wall. 


73. How To Install Ceiling-Type Elexit Receptacles will 
be evident from a study of Figs. 59, 66, and 67. To permit 
the installation of ceiling Elexits, every ceiling-outlet box 
should have a %¢-in. fixture stud and the end of the stud 
should be at least 5g in. above the finished ceiling level. Then 
the Elexit ceiling receptacle can be installed at any time. 

74. How To Connect Elexiliers (lighting fixtures arranged 
for installation on Elexit outlets) is shown graphically in 
Figs. 68, 69, 70, 71, 72, 73, and 74. Elexit wall and ceiling 
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Fie. 66. Fic. 67. 

Fic. 66.—Flush ceiling Elexit receptacle installed in a 4-in. conduit-outlet 
box. If the 3¢-in. fixture stud is at least 1 in. above the finished ceiling level, 
Elexit receptacles may be installed flush with the ceiling surface as shown. 

Fig. 67.—Extending (non-flush) ceiling Elexit receptacle, installed in a 
314-in. conduit outlet box. If the 3¢-in. fixture stud is more than 5 in. but 
less than 1 in. above the ceiling level, the receptacle may be installed as shown. 
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Fia. 68.—Dimensions of No. LX—-507 wall plug installed on Elexit wall 
receptacle. No. LX-—507 is tapped 7 1g in. for center knob brackets only. 
It can be wired only through holes in ihe side of the plug. To Take Down 
Bracket, unscrew center knob and release spring lock. 

Fic. 69.—Dimensions of No. LX—511 wall plug installed on Elexit wall 
receptacle. No. LX—511 has a spring hook over which the back-bar, strap, 
saddle or bridge of the wall bracket is hooked. Simply connect fixture wires 
to binding screws of plug. Jo Take Down Bracket, lift it off hook and release 
spring lock. 
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plugs have large binding screws to which the fixture wires are 
connected. The electric connecting plug is contained in the 


le Oval Plate 5¢ Wide 


\ Narrow Oval , | 
| (Pate 24’ Wide” | 


| LX~50/ Elexit Wall Plu pee 


Spring 
yt ock 4 


Walll-” 


Il- Top View 
Fig. 70.—Dimensions of No. LX—501 wall plug installed on Elexit wall 
receptacle. No. LX—501 is tapped with a 3¢ in. pipe thread for rigid attach- 
ment to bracket arms or center knobs. Can be wired through tapped opening 
or through side holes. To Take Down Bracket, slip canopy forward or unscrew 
center knob and release spring lock. 
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Fie. 71.—Method of using No. LX—600 plug on ceiling bands, showers and 
other ceiling fixtures where the central support is not used for carrying wires. 
The plug is wired through the side openings and attached to the fixture by the 
bottom orlock nut. To Take Down This Type Of Fixture, unscrew the bottom 
knob and release spring lock. 

Fia. 72.—No. LX—600 ceiling plug for use on ceiling fixtures with slip 
canopies. In such cases simply attach No. 5L.X—600 plug in place of a hickey 
and connect the fixture wires to the binding screws within the plug. To 
Take Down This Type Of Fixture, slip down canopy and release spring lock. 


casing which supports the fixture but does not carry any of 
the weight of the fixture. The supporting casing is strongly 
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made and locks into position in the receptacle. To remove the 
casing from the receptacle it is necessary to release a small 
spring latch. The dimensions given in the illustrations are of 
interest particularly to those who assemble and mount fixtures. 
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Fie. 73. Fra. 74. 

Fie. 73.—No. LX—602 ceiling plug with No. LX—642 plug cover used with 
No. LX-652 hook to support standard lighting unit with chain hanger. 
To Take Down Lighting Unit, unscrew plug cover and release spring lock. 

Fic. 74.—No. LX-602 ceiling plug with No. LX—642 plug cover used to 
support standard lighting unit with plain or ornamental cord hanger. To 
Take Down Lighting Unit unscrew plug cover and release spring lock. 

75. The Underwriters’ Laboratories Inspects And Labels 
Many Types Of Electrical Appliances And Materials.—This 
organization is maintained by the National Board of Fire 
Underwriters. These inspections are made at frequent 
intervals and serve as continuous checks upon the standard of 
manufacture maintained at factories which furnish labeled 
products. The labels are placed only on such completed 
products as conform in all essentials to established standards. 
The labels do not necessarily signify uniformity in quality or 
merit but only compliance with the Underwriters’ Labora- 
tories standards. Semi-annually, a list of the approved 
electrical appliances is published; in this list, the names of 
the manuacturers of approved appliances together with the 
location of their headquarters and the catalogue numbers of 
their approved appliances are given in alphabetical order 
under each appliance heading. 


QUESTIONS ON DIVISION 2 


1. What is the conduit method of wiring? Whatis the conduit? Of what materials 
are conduits made? What are the advantages and disadvantages of a conduit system? 
2. Name and describe the two types of metallic conduit used in interior wiring. 

3. Describe the three forms of flexible conduit and state the advantages and dis- 
advantages of each form. 
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4, What are the relative merits of rigid and flexible conduit? 

5. What is armored cable? 

6. Describe the manufacture of rigid conduit. 

7. Name the five classes of rigid conduit. 

8. Name and describe the three methods of coating a conduit with zinc. What are 
the relative merits of the conduits coated by each of the methods? How can electro- 
galvanized conduit be distinguished from the other zinced conduits? 

9. What are the advantages and disadvantages of enameled rigid conduit compared 
with zinced rigid conduit? 

10. How are conduit sizes specified? How do the sizes of rigid and flexible conduit 
compare? What is the smallest-sized conduit generally used? 

11. Define the term conduit case. What are the functions of a conduit case? 

12. Make a table of the classification of conduit cases. 

13. Define the term conduit box. What other terms is it given in the trade? 

14. Define the term conduit fitting. 

15. Define the term conduit cabinet. Name its functions. 

16. Name and define the various classes of conduit boxes. Conduit fittings. 

17. What are round, square, and octagonal boxes? What functions may they per- 
form? What is a conduit (outlet) plate? 

18. State the recommendations of the chart devised by the New York Division of 
Lighting Fixture Manufacturers in regard to the types of outlets boxes to be used. 
In regard to the hanging of heavy ceiling fixtures. 

19. Describe and illustrate the universal numbering system. State its advantages. 

20. Describe the ‘‘ Universal Key”’ for matching wiring devices, steel boxes, and 
covers. State its advantages. 

21. Give the advantages and use of the two-piece pressed-steel box. Of the extension 
rings. 

22. Describe the floor outlet ‘‘box’’ and state its uses. 

23. Describe the sectional snap-switch box and state its uses. 

24. What type of box is used as a large junction or pull box? State the uses of large 
junction and pull boxes. 

25. Describe the construction of cabinets, both flush type and surface type. What are 
the respective uses of the flush type and surface type? Define the term barrier when used 
in connection with a panel. p 

26. What are the different types of conduit fittings made? 

27. What is an entrance box? What is an entrance head? 

28. Name the accessories generally used in conduit installations. Are any other 
materials needed for completing the installations? 

29. Describe the standard couplings used in rigid and flexible-conduit installations. 
Describe and show the use of an Erickson coupling. How may rigid conduit be con- 
nected to flexible conduit? 

30. What type of elbows are used in rigid-conduit installations? Are they always 
used and why? 

31. What are conduit bushings? Closed conduit bushings? What is used instead of a 
bushing in flexible-conduit work? 

32. What is a conduit nipple and where is it used? 

33. What are conduit reducers and reducing bushings and what is their use? 

34. What are conduit locknuts used for? 

35. Draw sketches of and explain a few types of conduit hangers and conduit supports. 

36. What are fixture studs used for? Explain. 

37. Draw a sketch of several types of knockout fillers or caps and give their uses. 

38. What is an Elexit? What are their advantages? Describe the construction of 
both the wall and ceiling types of Elexits. 

39. Describe the method of installing a wall-type Elexit receptacle in various types 
of outlet boxes. Describe the construction of the various types of Elexit plugs. 

40. Describe the method of installing a ceiling-type Elexit receptacle in various types 
of outlet boxes. 

41. Explain how to connect Elexiliers to Elexit outlets. 

42. What is the Underwriters’ Laboratories and what functions does it perform? 


DIVISION 3 
LAYING OUT A CONDUIT JOB 


76. The Wiring Plans And Specifications (for conduit jobs 
in buildings), which are furnished to the wireman, ordinarily 
vary in completeness for buildings of different types. For 
some small buildings, the plans show only the locations of 
the varous switch, fixture, and receptacle outlets and of the 
wall switches (Fig. 94). The specifications for these small 
buildings are also, generally, quite closely written. Often 
they require only that the wiring shall fulfill the requirements 
of a certain local wiring ordinance or of the “National Elec- 
trical Code.”’ The complete specifications for a large theatre 
conduit-wiring job will be found in the author’s ‘Lighting 
Circuits And Switches.” 

77. The Wiring Plans For Very Large Buildings (Figs. 
75, 76, 77 and 78)—which are always wired in conduit— 
generally show the locations of all outlet boxes, pull boxes, 
panel boxes, motors, and the like, together with the approxi- 
mate conduit locations and the number and size of wires in 
each. Frequently, the wattage to be consumed at each 
energy outlet is indicated by a number (showing the watts 
to be taken therefrom) near the outlet, as in Figs. 96 and 97. 
Such plans often also plainly indicate the branch circuit to 
which each outlet is to be connected and the switch control 
which is to be provided for various circuits. The specifica- 
tions for such large buildings are also usually so written as 
to describe fully the materials, method of construction, and 
workmanship which are required. In any event, the plans 
and specifications, for any building whatsoever, should be 
studied very carefully before any work is started. 

Norr.—Tue Meranines Or Wirine Sympots, as adopted by various 
organizations, are given in the author’s ‘American Electricians’ Hand- 
book.” Furthermore, an explanation of the symbols used in any set of 


plans should be, and often is, given on the plans themselves. This is to 
61 
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Conduits For Light Or Power Wiring Concealed In Ceiling 
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Fria. 75.—Conduit-wiring diagram for basement of a hotel. 
Electric Co., electrical 
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Fiq. 76.—Conduit-wiring diagram for main floor of a hotel, for symbols see 
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Pia. 77.—Conduit-wiring diagram for typical floor of a hotel, for symbols 
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avoid misunderstandings. Should any symbol which is used on a’ plan 
be not understood, the meaning of the symbol should be ascertained by 
consulting the engineer or architect who drew the plans. 

78. Wiring Plans For A Large-Residence Conduit-Wiring 
Job are shown in Figs. 79, 80 and 81. These are executed 


See Fig. 80 for symbols. 
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rather more carefully than is the practice of the average 
architect for residence work. But for any building as large 
as this one, experience has shown that wiring plans prepared 
carefully before the work is started will more than justify 
their cost. If the architect or engineer does not furnish 
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carefully prepared working plans for such jobs, it will pay 
the wiring contractor to do so at his own expense. 


Notr.—Tue Wiring Puan For An Inpustriau Bumpine (Figs. 
82 and 83) may differ from those for other buildings in that it may show 
many industrial electrical devices such as motors and electric heating 
and welding equipment. Wherever a motor or other electrical device 
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Fic. 83.—Plan showing the power wiring for a portion of a machine shop. 


which takes over 660 watts is shown on a plan, its rating in horsepower 
or watts—preferably in watts—should always be indicated on the plan, 
in numerals, adjacent to the symbol which locates the device. 

79. The Inductive Effects Of Alternating Currents should 
be well understood by conduit wiremen. Wherever a single 
conductor carrying alternating current passes near or through 
a metallic—electrically conducting—body (such as a tube or a 
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plate, Fig. 84), the alternating current in the conductor sets 
up eddy currents in the body. The effect is much more pro- 
nounced when the conductor passes through the body. The 
eddy currents represent an energy loss. They may dangerous- 
ly heat the body in which they circulate, and they create a 
drop in voltage in the conductor. 

Norr.—When the metallic body is non-magnetic (such as aluminum, 


brass, or copper), the voltage drop, eddy-current energy loss and the 
possible heating due to the presence of the metallic body, near or around 


_ Magnetic Flux Lines Practically No Flux. 
nT) 
saue Shen Metal Plote 
Metal: Plate 
a- Plan View a-Plan View 
<---- lb Alternating- ! Metal 
; current “464 Plate 
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Flux Sets Up Eddy No Flux, Hence Practi- 
Currents) cally No Eddy Currents) 


Fia. 84.—Showing incorrect and correct methods of passing alternating- 
current conductors through a metal plate. In J the flux is as shown, at 
certain instants. It is continually changing and thereby sets up eddy currents 
in the metal. In JJ the conductors are close together; the magnetic field 
which one conductor tends to set up is neutralized by that of the other 
conductor. Hence there is practically no flux in the metal plate of IJ. 


the conductor, is not much greater than if air or some other insulating 
substance were in the space which is occupied by the metallic body. 
But all of these will be increased somewhat by the presence of the metallic 
body. However, if the metallic body is magnetic (iron or steel, or, in much 
less degree, nickel) the voltage drop, eddy-current loss and consequent 
heating occasioned by the presence of the body will be much greater than 
if the space were occupied by a non-magnetic substance. This is because 
an alternating current of a given value in a conductor will set up a very 
much greater magnetic flux—which will produce a correspondingly 
greater induced current—in an adjacent magnetic substance than in a 
corresponding non-magnetic substance. 


80. To Minimize These Eddy Currents And The Accom- 
panying Losses, all of the wires of an alternating-current 
circuit must be passed through the same hole (Fig. 84—II) 
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in any metallic object and should always be kept as close 
together as possible. Thus in a three-wire or a three-phase 
sheet steel Distribution cabinet System, all three wires must be 
BBG ie SEE OE carried in the same conduit and 
through the same holes of metal 
= plates. Similarly, in a two-phase 
late system all of the wires of a circuit 
Tic ee must be carried through the same 
hole or conduit. Figs. 85 and 
86 show correct arrangements. 
Even plates of 14¢-in. thickness 
have given trouble where single 
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phase feeder in conduit. The in a sheet-steel box containing a 1,200- 
diagram shows the proper con- amp., 250-volt switch, which opens a 
ductor arrangement to minimize three-phase circuit. 

inductive effects. 


conductors carrying heavy alternating currents were passed 
through them. 


PxamMpie.—Connections made as shown in Fig. $7 gave trouble due to 
eddy currents. The heating was so bad that the insulation on the wires 
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Fig. 87.—This arrangement of wiring caused heating of the conduit. The 
energy is transmitted through the conduits as six-wire 3-phase power. Each 
conduit carries both wires of one phase and one wire of another phase. Hence 
equal currents do not flow in opposite directions through one conduit at any 
instant; see Fig. 89-J. The conditions were remedied as shown in Fig. 88. 
(See Fisher, H. D., Power, July 19, 1921, page 113.) 
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Fie. 88.—Revised connections which obviated the trouble in Fig. 87. The 
energy is now transmitted through the conduits as three-wire three-phase 
power, each conduit carrying all three wires of the system; see Fig. 89-JJ. 
Equal currents flow in opposite directions through each conduit at all instants 


and no heating is produced. 
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Fia. 89.—Wiring diagrams of the connections in Figs. 87 and 88 showing 
relation of current values at some instant (magnitudes assumed). 
ment I should not be carried in two conduits with three wires each. 
ment IJ permits the use of two conduits, 
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was destroyed. The trouble was overcome by connecting as shown in 
Fig. 88. The wiring diagrams corresponding to these two arrangements 
are shown in Fig. 89. 

Nore.—To Minimize Eppy-Current Errects, Non-Frrrous 
(OTHER THAN IRON) Firtincs Are Sometimes Usep.—In the Essex 
station of the Public Service Corporation of New Jersey, brass conduit 
and fittings were used in numerous instances where the conduit runs were 
subject to the influence of intense external alternating-current fields. 
See Sec. 22 on aluminum conduit. 

Nore.—Direct-Current Conpuctors SHoutp Be Treated As 
ALTERNATING-CURRENT ConpucTors when installing them in conduit 
wiring systems. By so doing no harm will result and the conductors 
need not be changed at any future time when the energy supply may 
possibly be changed from direct to alternating. 


81. Public Service Electric Companies Often Prescribe 
Rules for the installation of service connections (Fig. 90) and 
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Fre. 90.—Conduit service-entrance fittings in position. (Crouse Hinds.) 


for the placement of cutouts, switches, and meters. Before 
proceeding with any conduit job, the wireman should ascertain 
these rules and plan his work accordingly. Frequently 
these rules specify that the wiring shall be so arranged that, 
at the option of the company, either two-wire or three-wire 
single-phase, energy may be used in giving service to the installa- 
tion. Such wiring is often termed the three-conductor con- 
vertible system. 
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Note.—Tue Wiring For Ture Turee-ConpucTor CONVERTIBLE 
System is shown in Fig. 91. In the three-conductor convertible system, 
the interior wiring is installed by the wireman, as a three-wire system as 
shown in Fig. 91-7. The neutral wire, B, should in this system always . 
have twice the current-carrying capacity of either of the outer wires 
Aor C. (Fig. 91-J). Then, in the event that the public service com- 
pany provides a two-wire service, it furnishes and connects the Jumper, 
J (Fig. 91-/7) outside the building. 
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Fie. 91.—Showing connections from service mains to a panel box designed 
for a three-conductor convertible system. Since in JZ conductor B must 
carry twice as much current as must either A or C, it must have twice the 
current-carrying capacity. (See “ National Electrical Code.’’) 


82. When Conduit Runs Are Not Shown On Plans, The 
Wireman Must Determine The Most Economical Runs.— 
Large contractors often employ estimators who plan the con- 
duit runs and pencil them in on the blue prints or make new 
tracings thereof and thus relieve the wireman of this duty. 
Wiremen should, however, be prepared to do this work if they 
should be called on. In planning the conduit runs, one is 
guided on the one hand by the rules under which he works 
(the “National Electrical Code” or some local wiring ordi- 
nance) and on the other hand by the particular requirements of 
the job. Refer also to the following example and to the 
numerous illustrations of conduit-job layouts which are given 
in this division. The planning of the runs may well be done 
by the following rules. 

Nore.—Rvues For Phannine Conpurr Runs.—The following applies 
only to lighting and sinall-device (motors less than 2 hp., small heating 
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appliances and the like) installations. The “Code” specifies that every 
motor or other device of 2 hp. or greater rating shall be served by its 
own individual branch circuit, the following does not apply to such large- 
motor and similar power installations. 

(1) Determine The Number Of Branch Circuits that must be employed 
forthe job. The (1923) “Code” limits—except under special conditions— 
the amperage and number of energy outlets on one branch lighting cir- 
cuit, or other branch circuit which serves more than one energy outlet, 
to 15 amp. and 12 outlets respectively. Local wiring ordinances may place 
more stringent limits. In any case, the total amperage and number of 
energy outlets served through the meter or service conductors should be 
found. These ‘“amperage’”’ and “number-of-outlet”’ totals divided respec- 
tively by the limiting amperage (15) and by the limiting number of energy 
outlets (12) will determine the minimum number of branch circuits for the 
job. Obviously, either the amperage of each luminaire, or the number of 
outlets it is to contain, must be ascertained before the number of branch 
circuits can be computed as above, and therefore, before the conduit 
runs can be laid out, (See example below.) 

(2) Make A Layout For The Job.—This may readily be done, as one 
proceeds, by making on the blue prints with red pencil or making a trac- 
ing on thin paper from the plans. The fixture outlet and switch locations 
should be accurately shown on this layout with respect to the walls and 
partitions. Radiator locations should be shown. ‘The direction in which 
doors open should be shown. Everything should be shown which might- 
constitute a possible interference with a switch, receptacle or lighting- 
outlet location. The distribution-center locations, the feeder runs to 
them and the branch-circuit runs can be shown out on this layout as the 
wiring scheme is developed, as is explained below. 

(3) Determine The Number Of Distribution Centers And The Feeder- 
Conduit Runs. It is impossible to give any general rule for this. The 
character of the building and its occupancy, the configuration of the 
building, the requirements of the owner, the density of the lighting load 
(watts per square foot), and the economies of the situation are among 
the factors which should be recognized. In general, it is usually inadvis- 
able to feed more than, say, 24 branch circuits from one distribution 
center or panel box. Where the lighting load is very dense it may be 
desirable to exceed greatly this tentative limit of 24. 

In office buildings, hotels, institutions, and similar structures there 
should ordinarily be at least one—and sometimes several—distribution 
centers in each story. For any residence or ordinary small building 
up to 3 stories in height, 1 distribution center located centrally in the 
first story (or basement) is usually sufficient. For small 1- and 2-story 
residences and other 1- and 2-story buildings, one distribution center 
located centrally in the cellar (Fig. 92) or adjacent to the service switch 
and cut out will generally suffice. As a rule, any building exceeding 3 
stories in height should have at least one distribution center in every 


other or in every third story. 
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After the number of the distribution centers has been determined and 
their locations shown by a rectangle drawn in on the layout, the con- 
duit runs for the feeder from the service entrance to each distribution 
center—or to each group of distribution centers—is drawn in on the 
layout as direct a route as is feasible. The feeder conductors should be 
sufficiently large to carry the current without undue heating (“Code”’ 
Rule 610) and without excessive voltage drop. The feeder conduits 
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Fia. 93.—Efficient and wasteful conduit layouts. 


should be large enough (Code Rule 503m) to carry the feeder conductors. 
The feeder-conduit runs having been thus determined and drawn in on 
the layout, the branch-circuit conduit runs can be planned: 

(4) Draw Tentatively The Branch-Circuit Runs On The Plans.—Kach 
15-amp. or 12-outlet group of energy-consuming devices may now be 
connected together and to the proper distribution center by a solid 
line which will represent the branch conduit run. Care must be exer- 
cised to see that the energy distribution into branch circuits conforms 
with the rules under which the wiring is to be done. 

(5) After All Necessary Conduit Runs Have Been Shown On The Lay- 
out The Total Length Of Conduit In The Job Should Be Computed. This 
may be facilitated by using a Rotometer or a small strip of paper or eard- 
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board (Fig. 95) which has been graduated to the same scale as that which 
was used for drawing the layout. The lengths of horizontal runs of pipe 
may be readily scaled from the tracings. To these must be added the 
lengths of the vertical rises and drops. The length of wire required may . 
be computed at the same time as the length of conduit; the number of 
wires in a conduit is often designated by short lines across the conduit- 
run line (See Fig. 96). 

(6) Select The Most Economical Conduit Routings.—After several seem- 
ingly desirable layouts have been made and the length of conduit and 
wire required by each have been found, it becomes a simple matter to 
select that layout which requires the least conduit and wire. The 
layout which requires the least conduit and wire will generally also require 
the least labor for its installation. The value of making several layouts is 
shown by Fig. 98. 
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Fria. 94.—First-floor plan of a small residence showing (approximately) the 
locations of all electric outlets. 


Note.—Vawurs Given In Tor Fottowine Exampte ARE BASED ON 
THe Requirements Or Tue 1920 “Nationat ELectTrRIcAL CopE.”’ 
The material was prepared prior to the issuance of the 1923 ‘‘Code.” 
In the 1923 “Code,” the maximum number of energy-consuming outlets 
(not sockets) permitted on a branch lighting circuit is 12, and the maxi- 
mum loadis 15 amp. Hence, although this example is based on the 660- 
watt and the 16-sockét_provisions of the 1920 “‘Code,” the principles 
which are illustrated herein and the same method of solution are appli- 
cable to installations made under the 1923 ‘‘Code”’ rules. See the 
authors “Wiring For Light And Power” for a full discussion of the 1923 
“Code” requirements. 

Exampie.—(This example is for a small residence which requires but 
one distribution center but the principles which it illustrates will hold 
for all jobs, regardless of size.) Suppose that it is required to plan the 
conduit runs for the small residence, the first-floor plan of which is shown 
in Vig. 94. The basement of this residence is to be fitted with drop cords 
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one of which is to be controlled by the switch, H, at the head of the stairs. 
The ceiling height in the first story shall be 9 ft. The conduit may be 
run exposed in the basement. The wiring is to conform to the require- 
ments of the “National Electrical Code.”’ 

First, the wattages to be served from each energy outlet are estimated 
and are shown near the outlet as indicated in Figs. 96 and 97. The total 
number of sockets to be served is 30, and the total wattage is 1,450. 
Now, although 30 sockets could be 
carried on two circuits without exceed-  _ ft 
ing the maximum number (16) speci- 
fied by the “Code,” the total wattage 
exceeds that (2 X 660 = 1,320 watts) 
which is permitted on two branch 
circuits. Hence, at least three branch rd. 96—=-Homemade scale, Ge 
circuits must be employed. in. to the foot) for measuring length 

Tracings (Figs. 96 and 97) are of conduit runs and like quantities. 
sketched from the building plans and (The distance between the grad- 

: : uating marks should, for any set of 
all outlets are shown in their TEspeC“viants, be made equal to the die 
tive places thereon. It is decided to tance used on those plans to repre- 
locate the one distribution panel box, sent 1 ft.) 

P, as shown in Fig. 96. 

The conduit runs are laid out, (for a first trial) as shown in Figs. 96 
and 97. By sealing from Figs. 96 and 97, it is found that there will be 
required 102 ft. of conduit in the basement ceiling and 93 ft. in the 
horizontal runs in the ceiling and the walls and partitions over the first 
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Fic. 96.—Plan of conduit runs - basement ceiling (exposed) of the small 
residence of Fig. 93. All conduit )4 in., all wires No. 14 B.&8. gage. The 
values in the circles indicate wattages. 


floor. Furthermore, there will be required 9 risers extending from the 
basement ceiling to the first floor ceiling—about 10 ft. each, or 90 ft. in all. 
There will also be required: (a) 3 risers from the basement ceiling to wall 
brackets each about 614 ft. long (3 X 614 = 1914 ft.); (b) 2 drops from 
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the first floor ceiling to switches, each about 51% ft. long (2 K 51g = 11 
{t.); (c) drops from the ceiling to wall brackets, cach about 4% ft. long 
(2 < 414 = 9 ft.); and (d) 5 risers to base and floor outlets, each about 
114 ft. long (5 X 114g =7% ft.). Hence, for this layout, the total 
length of conduit required = 102 + 93 +90 +1944 +11+9+7'% = 
332 ft. Allowing about 8 ft. for the service drop, (vertically downward 
from the service fitting, Fig. 90) there will be required in all about 340 
ft. of 14-in. conduit. 

About 50 ft. of the conduit will carry 3 wires and about 4 ft. will carry 
4 wires; the remainder will carry but two wires. Hence the total length 
of wire will be about: (340 * 2) + 50 + 8 = 738 ft. Since 1,420 watts 
represents a current from a 110-volt main of only 1,420 + 110 = 12.9 
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Fra. 97.—Plan of conduit runs in ceiling Of first story (concealed) of the small 
residence of Fig. 93. 


amp. (at 100 per cent. p.f.), no wire, except for the service, need, in this 
job, be larger than No. 14 B. & S. gage, which will, in accordance with 
Code Rule 610d, safely carry 15 amp. when the insulation is rubber. 
Local-wiring or publie-service-electric-company rules will require the 
installation of service entrance wires larger than No. 14. 

If several other similar layouts are made for this job and measured it 
will be found that that shown in Figs. 96 and 97 is as economical as any. 
Hence this layout should be adopted. 


83. When Building Plans As Furnished By The Architect 
Show Conduit Runs, it should be determined whether any 
conduit and wire could be saved by routing the conduit in 
a slightly different manner than that which is shown on the 
plans without altering the circuits in any way. The building 
plans sometimes show the conduit runs all parallel to the 
principal or wall lines of the building. If the job is one of 
exposed conduit (Div. 6), the runs should generally be placed 


Suc, 84] LAYING OUT A CONDUIT JOB 85 


parallel to the building walls lines. But where the conduit 
is to be concealed, the runs may, provided they do not interfere 
with members of the building structure, take any direction 
whatsoever and savings may be effected by planning to run 
the conduits along the shortest paths. 


Nore.—Conpuit Runs Can Nor Autways Be Rovutep By Tue 
Mosr Direcr Patus. As suggested above, members of the building 
may interfere. In wooden-construction buildings, where the conduit 
run is at right angles to the joist length, flexible conduit may readily be 
drawn through holes bored through the joist centers, which holes do not 
materially weaken the joists. Rigid conduit is also sometimes run in this 
way as is explained in Sec. 183. But usually, where rigid conduit is used 
in frame buildings, it is laid in slots cut in the joist edges. Such cutting 
does materially weaken the joists (Sec. 183). 


84. The Quantities Of Materials For A Conduit Job should 
be determined. This may be done by going over the drawings 
which show the conduit layout and listing from them all of 
the boxes or fittings, accessories, switches, and the like which 
will be required. If the quantity of conduit and wire needed 
has not previously been determined, this should also be found 
from the plans. 


Nore.—WuauiLe DeterRMINING THE QUANTITIES OF MATERIALS 
Required, Ir Is Wett To WatcH For ExTrRAORDINARILY Lone Conpuir 
Runs. Runs with more than 4 right-angle bends, or the equivalent, are 
not permitted by the “Code.” Although no maximum length of straight 
run is specified by the ‘‘Code,” runs of greater length than 100 to 125 
ft. should generally be avoided. The installation of pull boxes or fittings 
at proper intervals will correct both of these difficulties. The time and 
trouble saved by having not more than 4 right-angle bends in a run and 
by eliminating the longer runs, will make the installation of the pull 
boxes or fittings profitable. 


85. In Selecting The Materials For A Conduit Job, the 
object should be to ascertain what materials suit the require- 
ments of the specifications, then determine which, if any, of 
these would be the easiest for the wiremen to install and the 
prices of the usable materials. It may happen that it will 
pay to use certain materials which are of higher price than 
some usable materials, simply because those of the higher 
price are the easier to install. Likewise, in some cases it will 
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be cheaper to let the wiremen spend a little additional time in 
installing materials which are very low in price. In the selec- 
tion of materials experience is the best teacher. 

86. The Storage Of Tools, Materials, And Supplies should 
be given consideration before a job is started. On large jobs 


Fig. 98.—An improvised pipe rack; wooden barrels or boxes may be used 
instead of the metal cans. 


it often pays to erect a frame room or “shanty” for the storage 
of the electricians’ goods or to arrange to share a larger shanty 
with the other contractors. When the installation is in a 
finished building, or after a new building has reached a certain 
stage of completion, a room can generally be obtained and 
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Fria. 99.—Storage shed for conduit. 


the shanty is not needed. The conduit and boxes are often 
stored in a rack (Fig. 98) or in piles at some convenient point 
on the job, inasmuch as the loss of these goods by theft is 
not very likely to be very great, but the wiremen’s tools 
and small or expensive supplies must generally be enclosed 
in a locked shanty or in a large piano box fitted with a padlock. 
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Nore.—Ir Larce QuantiT1rs OF Conpuit, Especratty Ir Or 
Various Sizes, Must Ber Srorep on the job, a substantial rack should 
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Fig. 100.—A substantial storage rack for conduit. 


be built for it. If conduit is stored in the contractor’s own shop or yard, a 
rack built of steel or of pipes (Figs. 99 and 100) is almost a necessity— 
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Fre. 101.—Showing a convenient means for transporting conduit. 


if out of doors it should be protected from the weather. A convenient 
means of hauling small lots of conduit from the contractor’s shop to the 
job is shown in Fig. 101. 
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87. The First Step In The Installation Of Any Conduit 
Job Is To Locate, By Measurement, The Required Posi- 
tions Of The Outlets.—The exact procedure with the work 
is different for buildings of different construction. The 
wireman must watch the progress of the work on the building 
and endeavor to install the conduit and boxes at such time 
as his work will be a minimum. For instance, in a frame 
building, nearly all of the conduit can be installed just before 
the lath is to be placed on the partitions and ceilings. The 
partitions having been located by the carpenters, the wireman 
then need only to measure out the ceiling outlet locations. 

Nore.—In Insratuinc Conpuit In Terra Cotta Anp In REIN- 
FORCED-CONCRETE BUILDINGS, however, a portion of the conduit must 
be laid as the floors are being made. All conduit which passes up into the 
floor and up out of it, together with all that is to le horizontally in the 
concrete (or in the tile), must be placed before the concrete is poured. 
Conduit in columns must also be placed before the pouring of the con- 
crete. See Div. 5 for further information. 

88. Partition Locations Must Often Be Determined Before 
Placing Outlet Boxes in terra cotta and concrete buildings. 


Condutt To 
Outlet Boxes 


Fig. 102.—Showing appearance of conduit in a concrete building after 
floors and columns are poured. Note the importance of accurately deter- 
mining the partition locations. 


When outlet boxes are to be placed in the partitions of such 
buildings, the exact partition location must be ascertained 
because the partitions themselves are not erected until later. 
The wireman should ascertain, from the architect’s agent 
on the grounds, what points may be used as bases from which 
measurements may be taken. Frequently the center lines of 
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Fira. 104.—Enlarged view of a portion of Fig. 103 
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columns determine a partition location, but sometimes parti- 
tions are also elsewhere placed. Great care must be exercised in 
finding partition locations to insure that the conduit will, after 
the partition is located, lie within it. Failure, in this regard, 
may cause no end of trouble (see Fig. 102). 

ExampLe.—A typical steel-framing floor plan is shown in Figs. 103 


and 104. The unequal thicknesses of walls and partitions are shown 
exaggerated for clearness. Where the walls or partitions are of equal 
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Fia. 105.—Switchboard having a pull box over it and a wiring trench under 
it. Unless a steel box is used to line the wiring trench or unless some similar 
provision is made, the ends of all of the conduits which enter the trench 
must be bonded together with a copper ground wire. This wire must be 
connected to a permanent ground or to some permanently grounded object. 
The switchboard metal frame must be similarly grounded. 


thickness, the room centers may be established by drawing diagonals 
between the column centers, as at A, G, and B. However, where the 
walls on opposite sides of a bay are not of equal thickness, points located 
by diagonals between column centers (such as C, D, EZ, and F) do not give 
the true room centers. In such bays, the room centers must be located 
by first finding the positions of the finished interior wall surfaces. The 
true room centers may be established by drawing diagonals between the 
corners of the finished room, as at H and F. 


89. In Planning Conduit Wiring Around Switchboards 
(Fig. 105), it is good practice to install large pull bozes, P, 
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above and below the switchboard. The conduit can then 
be run to or from the switchboard location without regard for 
the exact part of the switchboard to which the conduit shall 
deliver its conductors. All of the cross-connecting can be done 
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Fig. 106.—Detail of reinforced con- Fra. 107.—Lifting socket for con- 
crete trench cover and curb angle. crete cover. 


within the pull box. Thereby difficult and awkward-looking 
runs of conduit around the switchboard may be avoided. 
The pull box below the switchboard may take the form of a 
long wiring trench (I, Fig. 105) in the floor, either uncovered or 
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Fia. 108.—Handle made of Fra. 109.—Detail of sheet-steel trench 
pipe and fittings for lifting con- cover and curb angle. Coverplates 
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lifting. 


covered by a steel or reinforced-concrete plate. Cover plate 
details are shown in Figs. 106, 107, 108 and 109. From the 
pull boxes, the conductors may be run in the open or in 
conduit to the switchboard. Figs. 110, 111 and 112 illustrate 
other installations. 
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Fra. 112.—Conduit layout for generator and switchboard. Pull box and 
spacing plate are installed over switchboard. The spacing plate, in addition 


to supporting the conduit ends, grounds them to the switchboard steel frame 
which is itself grounded. 


Src. 89] LAYING OUT A CONDUIT JOB 93 


NoTe.—PreEssED-STEEL Wirinc Trovucus For Swircupoarps (7 
and T, Fig. 113) are described in an article by W. 8. Jones in Power for 
June 27, 1922. With these, the conduits may be properly lined up, 
permanently secured in alignment and effectively bonded together and 
grounded. The arrangement also provides a place for carrying the small 
wiring (such as instrument leads) and other cross-connections from one 
panel to another. The steel frame of the switchboard and all conduits are 
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Fig. 113.— Wiring troughs, arranged above and below small switchboard, 
in lieu of a pull box and a wiring trench. (W. & S. Jones in Power, June 27, 
1922.) 


electrically connected together. One ground connection from the switch- 
board frame—or from any one of the conduits—will ground all of the 
conduits and the frame. 


QUESTIONS ON DIVISION 3 


1. What information may the wireman expect from the plans and specifications for 
a small building? For a large building? 

2. Show some symbols which are used on wiring plans and give their meanings. 

3. Explain what happens when a single alternating-current conductor passes through 
a metallic body. Give the reasons why such arrangements are undesirable. 

4, How may alternating-current conductors be passed through metallic bodies with- 
out harmful effect? 

6. Why are non-ferrous conduits and fittings sometimes employed? 

6. Is it desirable to pass single direct-current conductors through metallic bodies? 
Why? 
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7. Why should the wireman ascertain the rules of the public service company before 
proceeding with a job? 
8. Explain, with sketches, the meaning and wiring of a “‘three-conductor convertible 
system.” 
9. When plans do not show conduit runs, who must lay them out? What forms a, 
guide in this work? 
10. Explain the general procedure in laying out conduit runs from building plans. 
11. Draw an imaginary residence plan showing lighting outlets and then determine the 
most economical conduit runs. (Be governed by the wiring rules which are in effect 
in your locality.) 
12. Need the conduit always be run as indicated on the building plans? Why? 
13. When and how should the quantities of materials needed for a conduit job be 
determined? 
14. About what length of straight conduit run should be employed as the maximum 
distance between pull boxes? Why? 
15. What are the governing factors in the selection of materials for a conduit job? 
16. State the two general methods of ordering materials for conduit work. In placing 
an order how should the desired article preferably be specified? 
17. What methods are generally employed for the storage of tools, materials, and 
supplies during the progress of a conduit job? 
18. Draw sketches of what you would consider convenient conduit storage racks. 
19. What is the first step in any conduit-wiring job? What determines when this 
work shall be done? 
20. When must a wireman determine partition locations? Why is extreme accuracy 
in this work so very essential? 
21. Explain, with sketches, when column centers can and can not be used for deter- 
mining room centers. 
22. How may the conduit wiring around switchboards be most simply installed? 
Draw a sketch. 


DIVISION 4 
CONDUIT MANIPULATION AND TOOLS 


90. Before Starting Out For A Conduit Job the workman 
should make such arrangements that the proper and necessary 
tools will be on hand at the place of installation. Generally 
the small tools which are the workman’s own property are 
carried by him in a satchel. The large tools which are owned 
by the contractor are hauled to the installation by the contrac- 
tor’s wagon. In small repair jobs, when it does not pay to 
send a wagon to the place of installation, the workman may 
have to carry all the tools to the job unless he is certain that 
the proper tools will be available there. 

91. The Principal Tools Required For The Manipulation 
And Installation Of Conduit Are: (1) Conduit or pipe 
vise. (2) Hacksaw, or some other condutt cutting device. (3) 
Reamer. (4) Pipe stock and dies and oil therefor. (5) Pipe 
wrenches. (6) Conduit bending tools. (7) Plumb bob. (8) Rule. 
(9) Cold chisels. (10) Hammer. (11) Pliers. The tools listed 
above are only those required for the installation and manipu- 
lation of the conduit and the conduit boxes. Other tools are 
necessary for the pulling in of conductors and the installing of 
the fixtures. The tools used for the latter operations will be 
discussed together with the operations in Div. 7. Wood tools, 
such as saws and bits, are often useful in installations where 
wooden members are encountered. The tools and the methods 
of using them are discussed in the sections which follow. 

Nore.—It Is Economicat To Buy Goop Toots. The time saved and 
the better work obtained through their use, will in a short period pay for 
them. It is also desirable, when regular tools are not available, to know 
how to make improvised tools (for this reason some improvised tools and 
methods are shown in this book). Still, it should be remembered that the 


improvised tools are usually makeshifts and should, therefore, not be 
employed regularly. 


92. Upon Arriving At A Conduit Job, one of the first things 
to be done is to find a suitable and convenient place to install 
95 
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the conduit or pipe vise. Since the preparation of the conduit 
for use on the job is done at the vise, it is evident that this 
tool should be conveniently located. In many installations 
much time is unnecessarily lost because of the poor location 
of the yise and bench. A few minutes’ time and a little fore- 
thought in selecting an economical vise location more than 
pays for itself in the time saved during the installation of 
the conduit. If a portable vise and bench are used, which is 
the usual practice in large installations, the location of the 
vise is not so important. But even the portable vise should 
be so located that it will not have to be moved frequently. 


Notr.—TxHe Most Conventent Location For Tue Vise depends on 
the conditions of the installation which is under consideration. In 
working conduit, several lengths of conduit are carried to the vise at one 
time, but usually each piece of conduit must be handled singly from the 
vise to the place of installation. Hence, the vise should, generally, be 
centrally located with respect to the outlets. The conduit should, if 
possible, be stored close to the vise. In large buildings of many floors, 
it may be economical to locate a vise or even several vises on a number of 
floors. Where much large-sized conduit is used, the cutting and thread- 
ing is often done by power (Sec. 116) at the shanty. In some jobs where 
one portion of the conduit installation is an exact duplicate of a number 
of others, the portions are built up at the shanty or other convenient 
place. In such cases the vise is located‘at the same place. 


93. A Method Of Fastening A Vise To A Structural Steel 
Column is shown in Fig. 114. This method may also be used 
for fastening the vise to a wooden column. Two holes large 
enough to take a 14-in. conduit, and as far apart as the width 
of the column, are bored in two 4- by 6-in. timbers. Then 
two tie rods, of the length shown, are cut from conduit and 
threaded. A conduit plate or a shallow pressed-steel conduit 
box is used on each end of each tie rod as a washer. The 
conduit tie rods are then inserted in the timbers, thus spanning 
the column, and are tightened up with 14-in. couplings. The 
vise can then be bolted to one of the timbers. 

94. Portable Vise Stands (Fig. 115) are extensively used. 
The obvious advantage of the portable stand is that it can 
be readily moved from place to place as the installation pro- 
gresses. This feature makes it very desirable for use in 
large building jobs, where, due to the size of the installation, 
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many stationaty vises would be required if portable vise 
stands were not employed. For installations in large concrete 
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Fic, 114.—Mounting a vise on a steel column, using conduit materials and 
two 4 by 6 in. timbers. 
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Freq. 115.—A portable vise stand for conduit work. This stand can also be 
obtained with a standard vise as shown in Fig. 114. (The four legs slip into 
sockets and can be easily removed. The total weight of the stand is 45 
lb.) (H.P. Martin & Sons, Owensboro, Ky.) 


buildings where conduit has to be laid in concrete floors, the 
portable vise stand is particularly well adapted. Since, in 
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such buildings, the columns have not been poured when a 
large part of the conduit is installed, a portable vise stand or 
bench of some sort must be used. Usually it is cheaper to 
use a portable vise bench which can be readily transferred 
from floor to floor, than to use a wooden bench which would 
be difficult to move or which may have to be rebuilt on each 
floor. In small building installations, stationary vises are 
usually the most satisfactory. 


Norre.—Most PortaBLE Vise Stanps Are As Ricarp As STATIONARY 
Vises. They usually have a conduit bending device. With one type 
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Fig. 116.—Portable and collapsible bench made of standard pipe or conduit 
and pipe fittings. If more stability is desired the width of the bottom of each 
stand may be made larger than shown. 


(Fig. 115), conduit up to 2 in. in diameter can be easily cut and threaded 
and conduit up to 34 in. in diameter can be bent. When cutting and 
threading pipe, the bending device serves as a rest for the pipe. The 
two front legs stand almost vertical in one plane so that they will not 
interfere with the stock when cutting threads. 

Norre.—An Improvisep PorTABLE AND CoLLAPsIBLE BENCH (Fig. 
116) can be made of standard pipe or conduit and standard pipe fittings. 
The ends of the bench, which are constructed of pipe, elbows, and a 
union, are fastened to the top of the bench with pipe straps. The tees 
at the top and bottom of each upright are large enough to slide on the pipe. 
By releasing the unions or unscrewing the couplings at the middle of the 
braces the supports may be folded compactly under the top. A collap- 
sible back can be fitted to the bench if desired. By using pipes pro- 
portionately larger, heavy workbenches may be made in the same manner. 
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95. A Pocket Vise Is Very Convenient (Fig. 117) for repair 
work or small installations, where it is uneconomical to haul 
a bench and pipe vise to the premises. This vise can be 


_ Cold-Rolled 
Steel Screw 


Angle-Iron __ > 
Frame---~ 


Conduit 
Being .- 
Threaded 


TVise Open I-vise Closed 
(Rear View) (Front View) 


Fig. 117.—The Nye pocket vise. Manufactured by the M. B. Austin & 
Company, Chicago, Ill. 


easily carried in the coat pocket or small grip of the workman. 
It can be securely fastened to a timber with four 10-penny 


Die Stock 


Conduit--. Gas Pliers 


Conduit. 


\z---Bench Vise 


WLLL VLU Wy 


Fro. 118—Bench vise used as Fia. 119.— Bench vise arranged 
pipe vise by employing a Stillson for cutting and threading small 
wrench to prevent turning of con- nipples. The pliers may be placed 
duit. either vertically or horizontally 


in the machinists’ vise. 


nails. It can also be held between the jaws of a bench vise, 
thus converting the bench vise into a pipe vise. 


100 CONDUIT WIRING [Div. 4 


Novre.—Wuen A Bencu Or Macurnists’ Vise Is AVAILABLE, OTHER 
Merruops May Br Empioyep For Convertine It Inro A Pipe VISE, 
besides the use of the pocket vise described above. Hence, the pocket 
vise is not so essential where a bench vise is available. Some of the other 
methods are shown in Figs. 118, 119 and 120. It is evident that the 
method shown in Fig. 118 cannot be used for long lengths of conduit. 
The method shown in Fig. 119 is well adapted for cutting short nipples, 
while that of Fig. 120 is most satisfactory for ordinary conduit lengths, 
provided that the vise is so mounted that the die-stock may be rotated. 


Fig. 120.—Machinists’ vise, with pipe grips, can be used as pipe vise. 


96. Improvised Pipe Vises are useful on small installations 
where other vises (see Sec. 95) are not at hand. The impro- 
vised vise shown in Fig. 121 is quickly assembled from 
materials and tools which every conduit workman has at his 
disposal. This improvised vise can be fastened either to a 
door-facing or wall (Fig. 121-7) or to an old table, bench, 
packing box, or other similar object (Fig. 121-ZT). The 
latter method is usually the better, since with it the conduit 
is supported a greater part of its length. 


EXpLANATION.—All that is required is a Stillson wrench, a long con- 
duit nipple, pipe tee or a conduit hickey, and two or three pipe straps. 
In the arrangement as shown in Fig. 121-//, the conduit to be threaded 
is placed on top and near the edge of the bench or table and held down 
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by a pair of pipe straps; if it is a long conduit, an extra strap should 
be put near the far end. The workman standing on the floor-pipe, 
prevents the Stillson wrench, and therefore the conduit, from turning. 
Thus, both of his hands are available for threading or cutting. Instead 
of its being necessary for the workman to stand on the floor-pipe, a 
block may be nailed to the floor to hold the floor-pipe. When the conduit 
is held to a wall (Fig. 121-7) the pipe wrench and extension handle are 
used as in J/. 


Condui ts 


- Pipe Straps 
ep rencn 


f | Part To Be-* | 
el | | Threaded |" 
a) | 
| 
| 


t 


I-Wall Support 


TH -Bench Support 


Fig. 121.—Improvised pipe vise for conduit work. A bending hickey may 
sometimes be used instead of the pipe tee and long nipple, for holding the 
wrench. 


Nore.—To Run A Few Tureaps On A Conpuit END WHEN THERE 
Is No Vise Or Oruer Houpine Device AVAILABLE, place the pipe 
stock-and-die in a corner or recess and, using a pipe wrench, turn the 
conduit into the die. 


97. The Actual Required Length Of The Conduit Must Be 
Measured before the conduit can be cut. Various methods 
are used for measuring the required length of conduit. Some 
are explained in the following sections. In exposed conduit 
wiring where conduit fittings are employed, accurate measure- 
ments are required since allowance must be made for the 
distance the conduit enters the fitting. In concealed conduit 
work where conduit boxes are used, the measurements need 
not be so accurate (if a locknut is used on the inside of the 
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box) since some leeway can be obtained within the box (Fig. 
309). 


Nore.—A WorkinG Sxercu Is Orren DesiraBLE WHEN CUTTING 
Convvuir for a complicated installation. Such a sketch, which should, 
if possible, be drawn to scale, can be made from the plans and drawings 
furnished for the work or from a verbal description of what is wanted, 
which is given by the individual who requires the work. Then after 
the conduit has been cut and bent to satisfy the dimensions of the sketch, 
the erector may be certain that it can be assembled readily on the job 
to form the complete installation. 


98. The Distance Threaded Conduit Enters Screw Fittings 
must be considered when laying out conduit runs. This 
distance varies somewhat with the make of the fitting and 


| | Protecting: 
ke -S->}  Flange--"” 


Fig. 122.—Length of threaded conduit extending into fittings. 


with the actual diameter of the conduit. The conduit may 
not be of exactly the nominal diameter specified in the manu- 
facturer’s tables. Figure 122 and Table 99 indicate the 
probable fair average values. The values of Table 99 are 
based on the assumption that the length of thread on the 
conduit end corresponds with that shown in the tables of 
standard pipe threads. 


Nore.—Tue Enp Or Tue Conpuir SHoutp Nor Bre THreapED For 
Too Great A Distance because, if it is, it will turn too far into the 
fitting. Pipe threads are taper threads. Hence, if the conduit is threaded 
for too great a distance, the joint will not “screw up tight.” In making 
up a conduit into a fitting, it should screw into place securely. But it 
should not be necessary to force it, because if it is forced a strain may be 
induced in the casting which will immediately or ultimately cause it to 
crack. 


99. Table Showing The Average Distance That Threaded 
Conduit Is Screwed Into Fittings.—Some variations, due to 
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imperfect. tapping and threading, may be expected. All 
the dimensions are in inches. 


np. a ieee eats Re eel 
Nominal diam- | Length screwed || Nominal diam-| Length screwed 
eter of conduit | into fitting eter of conduit into fitting 


36 2 | 16 

4 746 3 1 

%4 | ; | 3% 146 
1 He | 4 ie 
14 54 45 1% 
14 56 5 1346 
2 ahs | 6 14 


100. In Taking The Measurement For A Length Of Con- 
duit To Connect Two Fittings (Figs. 123 and 124) the procedure 
is this: Fzrst obtain the distance, M, between the centers of 
the bodies which the conduit is to connect. Second, make 


Center Line Re 
DE BrOnCH Ea eee iin an eee = ae Mee ee = Se 2 ee ial 


S T 
' 2>- Wrought-Iron 
& Conduit 


Fig. 123.—Finding the length of conduit required between two fittings. 


allowance for the length occupied by the fittings and by the 
threaded end of the pipe which extends into them. Thus 
(in Figs. 123 and 124) M represents the distance between 
centers of the fittings which are to be connected. N shows 
the actual length of the conduit or nipple required. ‘To obtain 
the actual length N, subtract from M the sum of the dis- 
tances, 7; and F2, from the center to the face of each fitting 
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and add twice the distance (S, from Table 99) which the 
conduit will enter the fitting. 


Exampie.—lIf the distance M in Fig. 125 is 4 ft., the distance F1 is 
21 in. and the distance F, is 114 in. what will be the length, N, of a }4-in. 
conduit nipple to extend between these two fittings? 


Outlet : 
Fitting < 2.5 M-----°--- >< Skee AS A M---------3> 


| | 
Fig. 124.—Showing how to obtain length of nipple where a number of similar 


fittings are spaced equidistantly along a run. 


Sotution.—The sum of F,; + FPF, = 24% in. + 1% in. = 4 in. Sub- 
tracting this from the distance M between centers gives the distance 
between faces of the fittings, thus: 4 fi. or 48 in. — 4in. = 44in. Now 


Ita. 125.—Example in finding length of connecting conduit. 


add twice the distance S, which from Table 99 for 14-in. conduit in 6 in., 
thus: Ye + Ke = 1% 6 or 2%. Then, 44 in. + % in. =|447¢ in., which 
is the length N required. 
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101. To Find The Length Of Conduit To Connect An 
Existing Fitting With A New Fitting, T, To Be Located In 
An Existing Conduit Run, B (Fig. 126), the procedure is: 
First obtain the distance, X, from the inner end of the thread 
of the existing fitting (in one conduit run, A) to the center 
line of the new fitting. This may be called the ‘“‘end-to-center” 
measurement. Then to obtain the proper length, N, of 
the nipple, subtract the distance D from X. 


Existing Condurt 
~<----Run 


DG as Caer va alam aa Xe ee 
ey 
N as 
f ' Tee To Be T.| |} 
Connection To :' ee 
Be Installed--* Installed- ah 
Existing 
Conduit Run--->\ | 


Fig. 126—Finding the length of conduit required for a connection between 
two parallel runs. 


102. The Graphic Method Of Determining The Length Of 
Conduit Required To Connect Two 45-Deg. Fittings is dia- 
grammed in Fig. 127 in which C is the length of the offset 
piece required. 

EXxpLANATION.—The procedure is this: First draw, either actual size 
or to seale, on the floor with chalk, two parallel lines, AQ and XB repre- 
senting the center lines of the two runs to be interconnected. Now draw 
the chalk line QB at right angles to the two parallel lines by using a steel 
square as indicated. Indicate on the lines AQ and QB the locations, M 
and N, of the fitting centers. Then draw the line AB through these 
centers. Now place the 45-deg. fittings which are to be interconnected on 
the floor in their proper positions on the center lines, as delineated in 
Fig. 127. Measure the distance C between the ends of the threads in the 
two fittings, making proper allowance for the distance (S, Fig. 122) which 
the conduit enters into the fitting. 


103. To Compute The Length Of An Offset Piece For A 
45-Deg. Offset it is merely necessary to multiply the offset 
distance O (Fig. 128) between the centers of the two parallel 
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Vie. 127.—Finding length, C, of an offset piece by trial, by laying out fittings 
on the floor. 
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Fia. 128.—Illustrating elements involved in the determination of the length 
of a piece for an offset. 
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conduit lines which are to be joined by the secant (see a table 
of trigonometric functions) of 45 deg., which is 1.41. The 
value then obtained will be the length of the offset L. To 
obtain the length C of the offset nipple, subtract from L the 
sum of the distance F; and F, between centers and the outside 
faces of the fittings and add twice the distance, S (Table 99), 
which the conduit enters each fitting. 

Note.—Insteap OF Usine Tue Secant Or 45 Dea., which is 1.4142, 
practical men often follow this rule: “To obtain length for a 45-deg. 
offset multiply the center-to-center or offset distance by 10 and divide 
by 7”. This method is not quite as accurate as the one specified but is 
sufficiently so for practical purposes. 

Notre.—Tue Srcants Or ANGLES OTHER THAN 45 Dea. ARE: 60 deg. 
1.15; 30 deg., 2.00; 2214 deg., 2.61. How these values may be used in 
obtaining the length of offset where the offset angle is other than 45 deg. will 
be obvious from a consideration of the preceding statements. 

104. A Small Triangle Often May Be Applied Conveniently 
For Locating The Center Of A Fitting Pipe Hole.—Fig. 129 


” 
De ee Se eof I ea 


Pencil Mark or 
Knife Scratch 


“Prece of Wood 
F lof Thick 
Fig. 129.— Wooden triangle used for finding center locations of outlets. 


shows the details of such a triangle which can be cut from a thin 
piece of wood or from fiber or sheet metal. Figs. 130 and 131 
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Fig. 130.—Two wooden triangles and a straight edge used for finding center- 
to-center distance. 


show the methods of its application. ‘To obtain the distance 
between centers of two pipe holes, place one of the triangles 
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in each of the pipe holes and measure between them as indi- 
cated in Fig. 130. This method is the most valuable where 
the two pipe holes are of different diameters. To find the 


Wooden 
Triangle = 


Condulet Elbow 
Fitting.» 


“Wy 


pif 
Ws 


Fig. 131.—Finding end-to-center of pipe-hole distance of a condulet elbow 
with the wooden triangle and a rule. 


distance between the face, F (Fig. 131), and the center, C, of 


the pipe hole of a fitting, the: triangle may be utilized as 
diagrammed. 


_-- Outlet Hole In 
Panel Box 
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Fia. 132.—Measuring distance between centers of pipe holes. 


Notr.—To Ostarn Drirectty THe Distancr Between CENTERS 
Or Two Rounp Prer Houes Or Tue Same Diameter (Fig. 132) measure 
between the right-hand edge of one hole and the right-hand edge of the 
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other hole (or between the left-hand edges). Wherein the distance L, 
between A and B is the center-to-center distance between pipe holes. 


105. To Determine The Length Of Conduit Necessary For 
A U-Bend (Fig. 133), the total length of the conduit required 
is obtained by adding the sum of the lengths of the two arms, 
A, and Ao», to the length of 
the curved portion, BCD. 
The length of the curved 
portion is computed by 
multiplying the radius, R, 
by the constant 3.141,6 or 
with sufficient accuracy 
3.14. The measurements 
should be along center lines. 

106. A Method Of Ob- 
taining The Measurement 
For An Offset Piece Which 
Is To Be Installed In A 
Confined Space is. ex- 
plained diagrammatically 
in Fig. 134. The method 
was first proposed by C. 
B. Hutchison in Electrical 
Review for October 7, 1914. 
In this illustrative ex- Fic. 133.—Finding length of conduit re- 

Sane quired for a U-bend. 

ample it is assumed that 

it is required that a piece of conduit be cut and bent to 
extend between the end of the pipe, C, which has been placed 
and the hole in the outlet box to be installed at H. Inasmuch 
as the ceiling space shown is only about 50 in. high, the conduit 
cannot be bent init. It must, therefore, be formed in the room 
below and then passed, after being bent by the helper, through 
the outlet hole, H, to the journeyman who is working in the 
ceiling space. The journeyman working above may advise 
his helper below as to just how long a piece of conduit is 
required to fit between C and H and where the bend should 
occur in it as explained below. 


EXPLANATION: A six-foot zigzag spring-joint rule may be used to 
determine the contour of the connecting piece required between C and //. 
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The rule is adjusted until one joint, Z, points toward the outlet box hole 
and one end, D, points toward the end of the existing conduit. The 
remainder of the rule is so folded that it forms a triangle, the dimensions 
of which are immaterial except that the base, SH, of this triangle must 
lie parallel with the surface of the ceiling. The rule having been folded 
as shown in the illustration, the journeyman calls out the readings at the 
points where the rule changes direction. Then his helper on the floor 
folds his duplicate rule so as to correspond with the readings which have 
been given to him. Now the helper knows that the vertical distance 


- Waterproofing 


: = - 
Suspended,” 


‘Rentorcing 


Fig. 134.—Determining, in a confined ceiling space, the angle for a bend. 


between the ceiling of the room and the center of the conduit is 40 in. 
Therefore, he can with his own six-foot rule duplicate the angle A; and 
can, by making a full-size lay-out on the floor, bend the conduit so it will 
fit. After the helper has bent the connecting piece, he screws a coupling 
on the upper end of it and passes it through the outlet-box hole, H, for 
connection by the journeyman to the conduit run, C. 

ExampLe—With the rule folded as shown in Fig. 134 the journeyman 
would call out to his helper 3!14—24—30, indicating the readings at 
points D, EH and S. The helper would then fold his rule so that the 
triangle it formed would be a duplicate of that made by the rule in the 
ceiling space. 

107. To Plot Or Determine With A Two-Foot Rule The 
Angle Between Two Intersecting Lines the process is this: 
To find the angle, A (Fig. 135) between the legs of the rule, 
open the ends so that the edges of the two legs of the rule 
lie along the center lines under consideration, ‘Then measure 
the distance B. Now refer to Table 108 (which applies only 
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when each of the legs of the triangle on either side of A is 1 ft. 
long) to find the corresponding angle. For example, if the 


distance B measures 101¢ 
in., the angle, A, willthen 
be 50 deg. Conversely, if 
it is desired to lay out an 
angle of given magni- 
tude: Lay the rule with 
its sides spread apart on 
the floor—or on a piece 
of paper—and separate 
the ends of the legs until 
the distance B corres- 
ponds with that given 
in Table 108 for the 
angle which it is re- 


rs eee > 


Fra. 135.—Method of measuring angles with 
a pocket rule. 


quired to plot. Two 12 in. scales or rulers may be used, instead 
of a 2 ft. rule, if their corners are placed together at one end. 
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Fra. 136.—Showing how the two-foot rule may be used for measuring the 
angle of an offset. 


Nore.—Tue Mersop Or Frnvine, Or Puiorring THE OFFSET 
Ancur For A Conpurt Run Orrset, whereWMN is illustrated in Fig. 136. 
One leg of the rule is laid as shown along one side center line, PQ, and the 
other leg of the rule laid along the offset center line, SR. If it is desired 
to find the offset angle, the distance B is measured and the corresponding 
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value is found from Table 108. If it is desired to lay off a certain angle, 
the process is reversed. A plot, to which to fit the conduit to be bent, 
may be laid out in chalk lines on the floor. 

108. Table Giving The Lengths Of B For Various Angles, 
A, Fig. 185. Note that the following values apply only where 
the two legs of the triangle on either side of angle A are 1 ft. long. 


| B Inches | | | B_ Inches 
A ome | A | | 
Degrees Decimal Nearest | Degrees | Decimal | Nearest 
| 64th flee chs aa 64th 
hock ks ars 
1 (21 1364 35 7.20 | 71364 
yA 422 | 274, || 40 8.21 | 81364 
z 633 | 41é4 45 9.20 91364 
4 7 a 2169 |) 50 10.12 | 10% 
5 104) hese ga 55 11.08 11564 
7.5 1.57 137%, | 60 12.00 | <2 
10 2.09 | 234. | 65 | 12.89 | 125%, 
14.5 3.015 | 3h | 70 | 13.76 134% 4 
15 S11 i8ig | 75 | 14.61 | 148%, 
20 4.17 Allg, || 80 a fae 15Ke 
25 5.21 518g, || 85 16.21 | 161364 
30 6.21 | 613¢4 || * 90 16.97 | 163142 


109. In Cutting Conduit, the procedure should be as follows: 
(1) The length of the required piece of conduit should be 


as. i Conduit 
Conduit? AA ae } ZB 
UN RTS 


Bench 
Fie. 1387.—Marking a piece of conduit Fia. 138.—Conduit clamped 
for cutting. in pipe vise for cutting and 
threading. 


measured with a rule and the point of cutting marked with 
a knife, saw-blade or nail (Fig. 137). (2) The conduit should 
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be placed in a suitable pipe vise (Fig. 138) and clamped firmly 
therein; care being taken not to damage its surface unneces- 
sarily by excessive pressure. (3) The conduit should be cut 
with either a hacksaw (Fig. 139) or a good conduit cutter 
(one that cuts the conduit squarely and does not leave a burr). 
110. For Cutting Small-Sized Rigid Conduit (less than 
1/4 in.), a hacksaw is generally used (Fig. 139). A hacksaw 
blade with about 14 teeth per in. 
is best suited for this purpose. 
In sawing, care must be taken to 
saw squarely through the mark 
and not to rock or bend the saw 
in cutting. As soon as the saw ; ; 
cuts through the first wall, the “Wi.a so aur int heen 
right hand holding the saw 
should be slightly lowered so that the saw cuts new material 
on the side of the conduit nearest the workman, and guides into 
the cut already made. The saw blade should not be allowed 
to hit against the sharp edge of the opposite side of the conduit 
as the saw teeth will probably be broken. The hand should 
be continually lowered or the conduit rotated until the conduit 
is cut entirely in two. When cutting long lengths of conduit, 
the free end of the conduit should be supported to avoid 
breaking of the conduit at the cut and making a ragged edge 
which requires much reaming. The sawing must not be done 
too rapidly as the heating effect may take the temper out of 
the saw blade. An application of a little lard oil will make 
the sawing operation much easier. 


Hacksaw- ae 


i ~Condur/'¢ 


Notzn.—In Courtine Orr Conpuir Wira A Hacksaw (Power, Sept. 
18, 1923; page 470), sticking and breaking of the saw blade is very likely 
to occur if the initial saw cut is extended clear through the pipe walls. 
For making a cut, first make a distinct mark all around the pipe for the 
length desired. Then, make a light saweut all around, leaving the 
mark stand. Continue the cut to an even depth all around without 
cutting through the pipe walls more than necessary, until so little stock 
is left that the conduit end can be broken off by pressure of the hand. 
Some mechanics prefer using a hacksaw to any other method of pipe 
cutting, as the tool is light and inexpensive. When properly used it is 
durable, requires little effort and leaves very little burr and without 
deformation of the conduit. Best results are obtained when the saw 
blade is held in a low-back frame. 
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Notr.—In Most Cases Conpurr Cutters Wovutp Save Time and 
effort (See Sec. 111) in cutting small-sized conduit, although the saving 
would not be as much as it is with the large-sized conduit. A 4-in. 
conduit can be cut with a Burrless cutter, when working at an ordinary 

pace, in about 40 sec. When working 
A> ~~ very rapidly, it can be cut in about 25 
f sec. Both figures are conservative. 

Nore.—In Puactine THe Hacksaw 
BuaDeE In Tue Frame the blade should 
be inserted so that the teeth point to 
the front of the frame (Fig. 140). The 

Fig. 140.—Ordinary hacksaw, }Jade should then be pulled up fairly 
showing correct method of placing ,. : 
hata in frarhe, tight in the frame to prevent the blade 

bending and breaking. 

Notre.—An Orpinary Pierre Currer SHoutp Not Bre Usep To Cur 
Conpuit. Pipe cutters pinch the conduit and leave large burrs on the 
inside which require excessive reaming (Fig. 142B). Thus they are not 
desirable. For large conduit, when it is difficult to cut the conduit 
squarely with a hacksaw, a pipe cutter may be used to form a groove in 
the conduit to guide the saw. The groove can be made as deep as it is 
possible to make it without forming a burr (Fig. 142A). 


111. For Cutting Large-Sized Conduit (114-in. or greater 
nominal diameter), special conduit cutters (Figs. 141, and 
142) should be used as they will save considerable time and 
effort. These cutters are so constructed that they make a 
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Fra. 141.—Special conduit cutter, which leaves no burr on the inside of 
the conduit. This type is for conduit of sizes from 14 in. to 2 in. nominal 
diameter. (The Borden Company, Warren, Ohio.) 


square cut and leave a clean end (Fig. 1424). They do not 
form a burr on the inside of the conduit as do ordinary wheel 
pipe cutters (Fig. 142B). The operation of these cutters 
is simple and does not require the hard manual labor that a 
hacksaw or wheel cutter requires. All that is necessary is 
to turn the cutter; a compression spring feeds the cutting 
knives. 


Norre.—Power-Driven Hacksaws (Fig. 148), usually driven by an 
electric motor, or other power-driven saws are occasionally used to eut 
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large-sized conduit in big installations. When any of these power-driven 
saws are used, the conduit must, ordinarily, be cut at one place usually 
in a shanty. Power-driven hacksaws are seldom economical except in 
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Fia. 142.—Special ratchet conduit cutter for conduit sizes, up to 4 in. nominal 
diameter. (The Borden Company, Warren, Ohio.) 


installations where great quantities of large-sized conduit are to be cut 


and where these are then made up in sections, prior to their final 
placement. 


Conduit- Square---"" Conduit” Burr 


Fig. 142A.—No burr on con- Fig. 142B.—Burr formed on con- 
duit end cut by a special conduit duit end by an ordinary pipe 
cutter. cutter. 


112. Flexible Conduit Is Also Generally Cut With A Hack- 
saw. The flexible conduit should be clamped in a flat-jawed 
bench vise (Fig. 144) or held on a board with the foot, with 
the point to be cut at the edge of the board. In clamping 
the conduit in the vise, care should be taken not to squeeze 
it out of shape. Before using the hacksaw, it should be 
inspected to see whether the teeth are badly broken or the 
blade loose in the frame. A somewhat flexible saw-blade with 
fine teeth is best suited for cutting flexible conduit. Such 
teeth do not catch or break readily. The saw-cut should be 
started in the middle of a spiral (Fig. 145) and run straight 
through the conduit. Thus the square edge will be left, 
which is necessary in order to fit the conduit into the box 
connectors. Some special vises have slots to guide the saw 
during the cutting. 
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Fie. 143.—Cutting 16 14-in. conduits at one time with a power hacksaw. 
(Used by Campbell Higgins of Hatzel & Buehler in the Elizabeth Plant of the 


Willys Corporation. 


<- Flexible 
condult 


Fic. 144.—Flexible conduit clamped 
in flat-jawed vise. 


National Electragist, Aug., 1922.) 


Fie. 145.—Showing the proper 
method of cutting flexible conduit 
with a hacksaw. 
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113. The Inside Of Conduit Ends Should Be Reamed after 
the conduit has been cut. This is done to remove the burr 
on the inside of the conduit which has been caused by the 
cutting. If the burr were permitted to remain in the conduit, 
it might cause injury to the conductors as they are being 
pulled into the conduit. Several types of reamers may be 
used for removing these burrs from rigid conduit. A burring- 
type reamer (Fig. 146), that can be turned by a bit brace is 
best adapted for small- and medium-sized rigid conduit. For 
conduit of the larger sizes, reamers can be obtained which 


Flexible Condturt 


—<——— 


Conduit” 


Fic. 146.—-Reaming a piece of conduit. Fia. 147.—Removing the burr 
on the inside of flexible conduit by 
using a round file. 


have long handles or reduction gears attached, giving the 
needed leverage. For removing the burrs from flexible 
conduit, a three-cornered scraper or round file may be and is 
generally used (Fig. 147), since the burr resulting from the 
hacksaw cut is very small. Flexible conduit, before it is 
reamed, must be inspected to determine whether a part of 
the spiral strip is bent inward. If such a bend is found, it 
must be faced back. Then, the conduit end should be reamed 
carefully. 


Note.—Rovunp Fires Are Sometimes Usep For Reaminea but the 
tapered reamers are preferable. Reamers do the work more rapidly and 
do not break as readily as files. 

Nore.—Ricip Conpuit SHoutp Not Br Screwed Tocetuer Too 
Ticutiy In A Coupttna, as a ridge may thereby be formed which would 
defeat the thing that reaming should accomplish. However, the two 
pieces of conduit should butt in the coupling or difficulty will be encount- 
ered when fishing the run (Sec. 243). 

Note.—A Compination “GurmpED Reamer AND THREAD CHASER”’ 
(Fig. 148) is a convenient tool when trouble is experienced with the 
threads of the couplings. This combination tool will ream out the end of 
the conduit and clean out the threads of the coupling at the same time. 
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’ Such a tool can be made by grinding down a standard tap, and forming, 
by means of the grinding wheel, the cutting edges at the end of the tap and 
at the forward end of the threaded portion. A shank for holding the 
tool in a bit brace can be welded onto the tap. The tool is then held and 
turned in an ordinary bit brace. As the guided reamer is fed in the 
coupling, the cutting edge at its front end first cuts out any burr which 
may project into the inside of the conduit. The ground down portion 


Shank Welded On-' 
LSide And End View Of Tool Conduit, 


Coupling -* 
T-Showing Tool In Operation 


Fig. 148.—A combination guided reamer and thread chaser made by grinding 
down an ordinary tap. 


then runs on into the conduit forming a guide. Meanwhile, the thread- 
cutting portion runs through the threads, cleaning them out and straight- 
ening them. When the top reaches the inner threads, the cutting edge 
at the forward end of the threaded portion of the tool takes hold and 
rounds off the inner edge of the conduit. 

Note.—Wuen A Courtine Witt. Not Screw On Due To Its 
THREADS Berna DamaGED, reaming out the end of the coupling with a 
tapered reamer will usually correct the difficulty. 


114. The Threading Of Rigid Conduit Is, for the smaller 
jobs, generally done by hand. For threading the smaller 
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_ Fra. 149.—An ordinary stock and die for threading conduit. 


sizes of conduit an ordinary stock and die (Fig. 149) is usually 
used. If properly handled, these tools give satisfactory 
results and do the work quickly. In cramped places, a ratchet 
stock and die (Fig. 150) is often very convenient. For 
threading conduit of large sizes (216 in. to 6 in. nominal 


Suc. 115] MANIPULATION AND TOOLS 119 


diameter), a ratchet stock and die, which has reduction gears 
(Fig. 151), is often used. Such a tool is expensive but it 
saves considerable in labor costs since one man can operate 
it. These tools are portable and can be used wherever desired. 
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Fie. 150.—Ratchet stock and die 
for 1 to 2-in. conduit. (The Borden 
Company, Warren, Ohio.) 


Fia. 151.—Ratchet stock-and- 
die, with reduction gears, for 
threading conduit of large size. 


See Fig. 155 for power-drive at- 
tachment. (The Toledo Pipe 
Threading Machine Co., Toledo, 
Ohio.) 


Nore.—A Pier Cutrer May Be Usep As A Die Stock (Fig. 152). 
Where a die stock must be improvised this scheme may be employed. 
It may save carrying a separate die stock, which on a small job would 
be used very little. By tightening the cutters on the die, they will hold 
the latter firmly. 


One-Piece Die 
Cutting biscs-” 


Fire. 152.—Pipe cutter used as a die stock. 


115. When Threading Rigid Conduit With An Ordinary 
Stock And Die, the procedure should be as follows: Before 
starting to cut the thread, the die should be inspected for 
size, thread, and position in the stock. The bushing should 
also be inspected for size. If it is of improper size it should 
be replaced by the one of proper size. When the type of 
stock and die shown in Fig. 149 is used, the face plate must 
be secured firmly before cutting, since a loose face plate 
may permit the die to leave the stock during the cutting and 


injure the workman. 
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EXpPLANATION.—A little oil should first be poured on the conduit. 
Lard oil or crude cottonseed oil is best. The stock should then be placed 
on the conduit until the die touches the conduit end. The stock is 
gripped with both hands near the die and turned slowly to the right and 
at the same time pushed hard against the conduit end until the die begins 
to cut a thread. If the stock has a leader screw instead of a bushing, 
the leader screw should be clamped hard against the conduit before 
beginning the work, and the above procedure followed except that the 
stock need not be pushed hard against the conduit. After the die has 
taken hold, the stock must not be pressed against the conduit as it will 
now feed forward of itself. In cutting the thread (Fig. 153), it is well 
to oil the die freely and rotate or 
“rock”? the stock backwards and _ for- 
wards, after every two or three turns, to 
break off the chips. If the die shows 
any tendency to jam with chips, they 
should be removed. When a sufficient 
length of thread has been cut (usually 
: . 78 in. to 1 in.) the die may be removed 
Fie. OU  haeet aoe of by rotating it to the left. After the 

- 3 die has been removed, the stock handle 
should be struck against the conduit to knock any loose chips from both 
the die and the threaded conduit. Finally, the thread should be inspected. 

Nors.—A Tyrx Or Stock Wuicu Has ApsusTaBLe Dims Is OrrEen 
Usrp. These dies instead of being made in one piece (Fig. 149), are made 
in two parts. The stocks which use these adjustable dies have no face- 
plate, but have, instead, two screws for holding and adjusting the dies. 
When using an adjustable stock and die, care should be taken that the 
dies are properly adjusted. For proper adjustment, the line marks on 
the dies must coincide with those on thestock. If these lines do not coin- 
cide the diameter of the thread will be either too large or too small. 

Notr.—To Oxstatin Goop THreaps Wire AN OrpINARY Stock AND 
Dig, experience shows that: (1) A good die must be used. Without a good 
die, which is properly designed and well sharpened, good clean threads 
cannot be obtained. (2) Liberal quantities of good lard or crude cotton- 
seed oil should be used. The oil cools the die and preserves its temper. 
It also lubricates the metals and thereby makes the cutting easier. (3) 
The die must not be crowded. If a good die is used it may be possible to 
run it slowly over the conduit without rocking the stock every two or 
three turns. But if a dull die is used the stock must be rocked after 
every two or three turns, if any success is desired. 


116. Power Threading Machines are often, and with 
considerable economy, used on large conduit installations. 
How one of these machines may be used by an electrical 
contractor is shown in Fig. 154, The advantages are; (1) 
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They are simple to operate. (2) They cut a better thread, and 
- In much less time than it could be cut by any hand-threading 
tool. These threading machines are particularly advantage- 
ous where duplicate sections of large-sized conduit are used. 
However, since they are expensive, they are usually economical 
only on large conduit installations. They may be used to 
thread conduit in the contractor’s shop when sections of 
conduit (Sec. 92) are made up in the shop. These machines 


a Speed-Reduction 


countershatt.. 


Fig. 154.—A power threading machine used on a large conduit installation. 
This particular.machine was used to thread conduit for the Cuyahoga County 
Court House, Cleveland. (The Oster Mfg. Co., Cleveland, Ohio.) 


also have the disadvantage of being stationary. When using 
them, the work must be carefully planned to eliminate un- 
necessary running back and forth with the conduit to see 
whether it fits. 


Note.—A PorrasLE Power Drive For Tureapina Toots (Fig. 155) 
is made by the Toledo Pipe Threading Co., for use with its hand-operated 
pipe threading tools (Fig. 151). The drive consists of a 114-hp. motor 
mounted on a two-wheeled carriage. The power is transmitted from 
the motor armature to the driving head of the device through a two- 
speed gearing and ashaft. The motor is started and stopped by a push- 
button switch located on the shaft. The transmission gears are shifted 
simply by pulling out or pushing in a knob which projects from a box 
mounted on the shaft in front of the motor. The machine weighs 231 
lb., but is balanced on the wheels so that the head may be lifted and 
attached to the threading tool with very little effort. Being mounted on 
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wheels, the device automatically adjusts itself to drive a tool at any height 
from the floor. The power drive will cut a thread in about 4 the time 
that is required by the hand-operated tool. It should be particularly 
well adapted for threading large-sized conduit where it is not desired to 
thread all the conduit at a certain location in the building. 


\\_ Threading 
\\ Zo! 


Fig. 155.—Power drive for pipe threading tools. The vice may be per- 
manently mounted on any strong bench, instead of on the portable stand 
which is shown. (Toledo Pipe Threading Machine Co., Toledo, Ohio.) 

117. Short Nipples frequently have to be made in conduit 
work. In making a short nipple, the conduit to be used is 
threaded and cut off and the half-made nipple is screwed 
into a nipple holder. To thread the short nipple (Fig. 156), 
the standard die should be re- 
_--Thumbscrew versed (Fig. 258) in the stock. 

The stock is then used in this 
reversed position but it is, when 
' threading, still rotated in the 
right-hand direction. For a 
guide, the next smaller size of 

; : ; conduit which will fit inside the 
nine wah aie meeting & {ert nipple which is to be threaded 
Guide bar holds stock and die can be used. The bushing that 
straight. matches this guide should be 
used instead of the one that matches the die size. By placing 
this small guide conduit in the end of the conduit nipple which 
is to be threaded, and then using the stock in the reversed 
position a straight and close up thread can be obtained. 
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Norr.—In Tureapine Suorr Nrpptes A Nrppte Houper is required 
for holding the nipples after the first half has been threaded. A simple 
nipple holder (Fig. 157) can be made as follows: Use a piece of conduit 
and a coupling of the same size as that which is being used for making the 
nipples. Cut on this conduit a thread 
a little longer than is usual. Then 
serew the coupling on tightly. The 
half-made nipple is now screwed into 
the coupling so as to butt against the 
end of the holder conduit inside the 
coupling. 

Norse.—Ir Is Usuatty More 
Economicat To Buy SHort Nriepxes than it is to make them. They 
should be made only when they can not be bought. 


Pipe.” 


Thregded 


Fria. 157.—Conduit holder for use 
in threading nipples. 


118. Stillson Wrenches are generally used for conduit 
installation. The Stillson wrench (Fig. 158) is better suited 
for most conduit installations than is the chain wrench (Fig. 
160). It has the advantage that when once set for a certain 
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Fig. 158.—Showing how to use a Stillson wrench. 


conduit size, it can be used for the size, repeatedly, without 
adjustment. On small-sized conduit it also affords a better 
grip than the chain wrench, or any other pipe wrench, and 
is not as awkward to handle as is the chain wrench. Thus, 
it is well adapted for conduit installations where large quanti- 
ties of conduit of small diameter are tobe installed. For 
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large-sized conduit or for working in cramped quarters the 
Stillson is not as satisfactory or convenient as the chain wrench 
(Sec. 120). For conduit larger than 5 in. in diameter the 
Stillson wrench should not be used. 


Notre.—Tuere Are Various Types Or So-CaLitep STILLSON 
Wrencues. The original Stillson wrench was of the type shown in 
Fig. 158. It had two exposed springs and a wooden handle. Today 
Stillson wrenches can be had with either wooden or steel handles. Those 
with the steel handles are usually preferred as the wooden handles are the 
more easily broken. Wrenches which operate on the Stillson principle, 
but which do not have any exposed springs, and which have a replaceable 
stationary jaw (Fig. 159) are also being made. These wrenches have the 
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Fig. 159.—Trimo pipe wrench which has replaceable jaw. Also made with 
wooden handles in sizes 6 in., 8 in., 10 in., and 14 in. (Trimont Mfg. Co., 
Roxbury, Mass.) 


advantage that when the stationary jaws becomes worn new jaws may 
be inserted; thus adding 50 per cent to the life of the wrench. The 
concealed helical spring on these wrenches also replaces the two leaf 
springs on the original Stillson type. 

119. The Proper Method Of Using A Stillson Wrench is 
as follows: Adjust the wrench so that the jaws will take hold 
of conduit at about the middle part of the jaws (Fig. 158). 
To support the wrench and prevent unnecessary lost motion 
when the wrench engages the pipe, hold the jaw at A, with 
the left hand, pressing it against the conduit. At the beginning 
of the turning stroke B, if the jaw is held firmly against the 
conduit with the left hand, the wrench will at once ‘‘bite”’ 
or take hold of pipe with only the lost motion necessary to 
bring jaw, C, in contact with the conduit. 

Nore.—Atways Use Tue Proper Size Wrencn WuEN using a 
Stillson or any other wrench. The different size wrenches are made to 
stand the strains that could be imposed on them when they are used 
alone. Never slip an extension pipe over the handle of a wrench to 


obtain a larger lever-arm in order to pull a conduit joint up tight. The 
increased leverage will also increase the strains in the wrench and will in 
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most cases bend the handle of the wrench. Use a larger wrench if a 
tighter joint is desired. The diameters of conduit which the various 
sizes of Stillson wrenches will accommodate are: 6-in. wrench, 1, to 
#4 in.; 8-in. wrench, 1 to 34 in.; 10-in. wrench, 1 to 1 in.; 14-in. wrench, 
}4 to 114 in.; 18-in. wrench, 14 to 2 in.; 24-in. wrench, 14 to 214 in.; 36-in. 
wrench, 14 to 314 in.; 48 in. wrench, 1 to 5 in. 


120. The Chain Wrench (Fig. 160) is better suited for 
large-sized conduit than the Stillson wrench. It gives a 


S~--Conduit 
Fie. 160.—Chain wrench for large-sized conduit. 


good grip and can be easily used in corners and restricted 
locations. where it would be difficult to use a Stillson wrench. 
The chain on the chain wrench requires much less space than 
does the jaw on a Stillson wrench. It also has the further 
advantage that, after its chain has once been wrapped around 
the conduit and notched in the catch of the wrench, it will 
remain on the conduit until released, thus permitting the 
electrician to manipulate it with one hand. 

121. Improvised Wrenches may be used for small conduit 
installations when there is no Stillson or other pipe wrench 
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Fig. 161.—Pipe wrench improvised Fre. 162.—Screws used to make 
with flat file. monkey wrench grip a conduit. 


available. A monkey or open end wrench may be used as a 
pipe wrench as shown in Figs. 161, 162 and 163. In the 
method shown in Fig. 161 a flat file (preferably a taper or 
wedge-shaped file) is placed in the opening between the jaws 
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of the wrench and the conduit. If necessary it is wedged 
up against the conduit with a spacer. For best results the file 
should be inserted in the jaws a distance less than the radius of 
the conduit so as to obtain a good wedging action see (Fig. 166 
and note below). The teeth in the file will, if adjustments have 
been properly made, grip the conduit firmly. In the method 


Monkey 
Rea Wrench 


Fie. 163.—Monkey wrench and Fig. 164.—Rope “wrench’’ used to 
round file used as a pipe wrench. install conduit. 


shown in Figs. 162 and 163 screws or pieces of round files are 
used in connection with a monkey wrench. A piece of file is 
better than screws as it is harder and gets a better hold. The 
method shown in Fig. 163, is better than that shown in Fig. 
162 since in it the file wedges into the conduit (Fig. 166) in a 
manner similar to the action of the Stillson wrench. The 
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Fie. 165.—Showing how to make a pipe wrench from a piece of bar steel. 


rope wrench (Fig. 164) gives a good grip and may be used to 
particular advantage on conduit of large diameter. A chain 
can be used instead of the rope. An alligator wrench may be 
made from a bar of square tool steel, as shown in Fig. 165, 
by filing teeth in one end of the bar and then heating and bend- 
ing the bar. The teeth should be ‘touched up” with a file 
after the bending of the bar and then tempered in oil. 
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Nots.—Tue Princiete Uron Wuicu Tus Murnops Suown In Fras. 
161 AnD 163 Oprrate Is InLusrrarep in Fig. 166. The monkey wrench, 
M, on being pulled, wedges the file or bolt, F, into the conduit. It is 
this wedging action, which is similar to that of the Stillson wrench, 
that makes this method grip so tight. The angle, A, must be made less 
than the angle of friction of the conduit and the bolt or file if the bolt or 
file is to grip the conduit. If the angle is less, the bolt or file will tend to 
be rolled into the jaw. 
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Fie. 166.—Showing how Fie. 167.—Wrench for 1%-in. bushings and 
file or bolt wedges into con- locknuts. (Thomas & Betts Co.) 
duit, when used in connec- 
tion with a monkey wrench. 


Nors.—A Locxnut AnD Busuing WreEncH (Fig. 167) will prove a 
very convenient tool. It can be used much more effectively for locknuts 
and bushings, particularly in cramped quarters, than can the larger and 
heavier pipe wrenches. 


122. Conduit Benders May Be Divided Into Four General 
Classes, as follows: (1) Hickeys, (2) Bending racks, (3) 
Pressure benders, and (4) Roll benders. Each of these types 
will be defined in the sections immediately following. Exam- 
ples of the different kinds of benders will subsequently be 
discussed in detail. 

Notr.—Typricat ExampLtes Or Conpuit BEenps are shown in Figs. 
168 and 169. These indicate the contours into which conduit must be 
formed frequently for interior wiring installations. 

Norr.—Conpvuir Suoutp Be Inspectep Prior To Brnpine Or 


Insrauine (Fig. 170). Much trouble may be avoided if each length of 
conduit is inspected by sighting through it, before it is bent or installed. 


123. A Hickey is a hand bender (it is really a sort of a lever) 
having a hole or slot at one end, wherein the conduit to be 
bent may be engaged. In using this tool, (Fig. 171), a portion 
of the conduit is held to the floor by the operator (Fig. 172), 
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IL Section Through Concrete Floor 
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Fria, 168.—Additional examples of conduit bending. 
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Fre. 169.—Some of the conduit bends which must be made frequently 


Fra, 170.—Inspecting conduit for burrs or other obstructions. ° 
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Hickey Head 


181 for a hickey head. (M. B. Austin Co., Chicago, Ill.) 
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Vig. 173.—An improvised rack for medium- or large-sized conduits, 
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who stands on the conduit. Then, by using the hickey as a 
lever, the conduit, which is engaged in its lower end, is bent, 
by main force, into the required form. 

124. ABending Rack (Fig. 173) is an arrangement into 
which one end of the conduit is inserted and there rigidly held 
while force is applied to the other end to bend the conduit into 
the required form. 
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kia. 174.—Pneumatic pressure conduit bender which was used in a railroad 
shop. The distance between the rolls, Ri and Re, may be varied for different 
radii bends. The bending head, H, is made of steel. Cis an air brake cylin- 
der taken from a railroad car. V is a three-way valve whereby air pressure 
may be admitted to either end of C, 

125. Pressure Benders (Fig. 174) are those whereby con- 
duit, particularly large conduit, is formed into curves by the 
direct application of pressure against the conduit (which is 
supported as a beam) at the location where the bend is to 
be made. Usually, the pressure is exerted against the conduit 
through a bending head or form. The pressure may, as is 
hereinafter explained be developed by means of a jackscrew 
or by a hydraulic or pneumatic cylinder or piston. 


Sec. 126] MANIPULATION AND TOOLS 131 


126. A Roll Bender (Fig. 175) is one wherein the conduit is 
rolled by suitably arranged bending rolls, or drawn by a 
rotating cam properly arranged, into the required contour. 

127. The Applications Of Each Of The Four Different 
Types Of Conduit Benders are described in detail in the follow- 
ing sections. Briefly, they may be outlined thus: Hickeys 
are used for light work, ordinarily for conduits not greater than 
‘4 in. or 34 in., where it is desirable that the tool be carried 
to the work rather than the work to the tool. Bending racks 
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Fig. 175.—A grooved-sheave bender mounted on a bench top. 


or vises are also used to best advantage for the conduits 
of the smaller diameters, but may be used, though not econom- 


ically, for large-diameter conduits; with them, bends, unless - ' 


they are irregular, can be formed more rapidly than with the 
hickeys. But the racks have the disadvantage that they must 
be located securely in position and that the work must be 
carried to them. Pressure benders are used for the large- 
diameter conduits, where it is impossible to obtain the force 
required for bending without some sort of a machine, and for 
small-diameter conduits where hydraulic or pneumatic power 
is available whereby the conduit may be bent economically 
without the exertion of manual force. Roll benders find their 
most important application for the larger-sized conduits 
because, with them, bends in conduits up to 4 in. in diameter 
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can be made uniformly and accurately, without the tubes. 
They are particularly advantageous where a large number of 


conduits are to be bent to the same contour. 
128. The Advantage Of The Hickey is that it may be carried 
to the location where work is being done. Where benders of 
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Fic. 176.—Homemade, openside hickey. 


the rack, pressure or roll types are used, it is then necessary 
to carry the work to the bender. A wireman can carry readily, 
in his tool box, the head for a commercial hickey (Figs. 181 
and 182), or, instead, a 1-in. or a 1)4-in. pipe tee (Fig. 176). 
On the job he can usually find a piece of pipe of the correct 
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hardwood stick. 
diameter to serve as a handle and thus assemble the complete 
tool. It is apparent, then, that hickeys have an important 
field of usefulness regardless of whether or not benders of 
the other types are available. 


Notr.—A Woopen Stick May Br Usrep As A Hicxny. In Fig. 177, 
hardwood stick is shown used as a bending hickey. ‘These sticks will 
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not last as long as iron hickeys, since the pressure of the conduit against 
the wood fibers, at the sides of the holes, enlarges the holes, so that the 
stick will no longer grip the conduit, The holes should be bored as 
illustrated in Fig. 178, ( 


129. Pipe-Fitting Hickeys are shown in Figs. 176, 179 and 
180. These are, in a sense, improvised tools but will give 
quite satisfactory service until they wear out. They are, 
probably, the most commonly used of all hickeys. Each 
consists of a pipe-fitting tee, preferably malleable iron, of 
a size larger than the conduit to be bent. The tee is provided 
with a length of pipe or conduit, 3 ft. to 3 ft. 6 in. long, for a 
handle. A slot (WXZY, Fig. 176) should preferably be 


Fie. 179.—Method of reinforcing a malleable-iron tee hickey. 


cut in the side of the tee. The width of the slot, D, should be 
large enough to admit easily the conduit to be bent. Then to 
use the hickey, the conduit to be bent is slipped through the 
slot in the tee and the hickey is pulled toward the operator. 
He, in the meantime, holds a portion of the conduit on the 
floor by standing on it (Fig. 172). The slot saves considerable 
time which would otherwise be lost in slipping the hickey on 
the conduit. For ordinary house work, as suggested in Fig. 
179, a 1-in. tee is used. 


Nore.—Tue Hanpue Or Tue Piee-Ten Hickny Can Be REINFORCED 
(Fig. 179). If the pipe handle of a hickey should break, the rupture will 
always occur at XY, where the handle screws into the tee, since this is the 
section of least area. A piece of 34-in. pipe or conduit, NV, may be driven 
into the 1-in. pipe or conduit handle, M, to reinforce this section. The 
end of the reinforcing piece should be about flush with the end of the 
handle before the handle is screwed into the tee. The 34-in. conduit 
outside diameter is listed as 0.001 in. greater than the inside diameter of 
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the 1-in. conduit pipe. Thus it may be necessary to file the 34-in. 
conduit to fit but frequently a piece can be found that will just fit. 

Nots.—SMAuLL-DIAMETER Hickey HanpLtes ARE OFTEN PREFERRED 
as they fit the hand better. Such a handle can be provided by means of 
a reducer, R, as shown in Fig. 180. Another method when a I-in. tee 1s 
used, is to drive a 34-in. conduit or pipe into a short 1-in. conduit or pipe 
which screws into the tee. 
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ifxd Reducer-° 
Fre. 180.—Pipe-tee hickey with working-end fittings of 134 in. size, and a 
handle of 14-in. conduit or pipes. 

130. The Disadvantages Of Pipe-Tee Hickey Heads are 
that they do not grip the conduit when they become worn. 
When new, the threads within the tee effectively grip the 
conduit which is being bent, but use flattens out the threads 
so that they will not bite. Another disadvantage is that, 
since the handle is rigidly attached to the head, the tool 
cannot be used in restricted locations in which a manufac- 
tured hickey head with an adjustable handle (Fig. 182) can 
be applied. 

131. Commercial Hickeys are of various designs and types. 
The two hickeys described herein are fairly representative 
of those most generally used. The Lakin hickey (Fig. 181) 
is merely a one-piece hickey head, inasmuch as the 1-in. 
pipe handle which is attached to the head by means of a 
pipe coupling, must be furnished by the purchaser. The 
Fey Automatic-grip hickey (Fig. 182) has a movable jaw, 
which, when the operator pulls on the handle, automatically 
clamps the conduit and prevents the tool from slipping. The 
handle may be moved in either direction, while bending the 
conduit. When moved to the limit in one direction the handle 
will, when the workman starts to form the bend, make an 
angle of about 55 deg. with the conduit; in the other direction 
the angle will be about 100 deg. Thus, two different starting 
positions for the handle are available. This permits the 
hickey to be used in restricted locations. The interiors of 
the jaws are smooth. No notches are required for gripping 
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the conduit, so wear on the interior surfaces of the jaws, 
due to bending conduit, does not affect its utility. 


Threaded For 
Standard In. Pipe 
Coupling 


Fig. 181.—The Lakin hickey, made for 14 and 34-in. conduit. (Thomas & 
Betts Company, New York City.) 


Nore.—TsHe Hanpir Or A Hickny SHovutp Nor, Uniess ReEIn- 
FORCED, Screw Into A THREADED Hote IN THe Heap. A handle may 
be reinforced as shown in Fig. 179. If non-reinforced construction is 
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I- Side View -End View 


Fig. 182.—The Fey automatic-grip hickey. 


used, and the handle should break off at the top of the head, it is diffieult 
to remove the short length of pipe which will then be broken off in the 
head. When a coupling is used, as in the Lakin construction (Fig. 181) 
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and the handle breaks off, the coupling can be easily unscrewed from the 
head. In the Fey Automatic-grip hickey (Fig. 182) the tendency for the 
handle to break at the top of the head is eliminated since the handle is 
held in by set screws; thus it is not weakened by having threads cut in it. 

Norre.—A Hickey Improvisep From AN Iron Bar AnD A SHEAVE 
is shown in Figs. 183 and 184. It operates on the roll principle. 


Iron Bar-_ 


Sheave.. 


a Feet aN; 
4 ~-Woo a! 
Bisek Concert Bene 
Fig. 183.—Showing how sheave bar Fie. 184.—Sheave-bar bender. 


bending hickey is used. 


132. A Bending Rack For Large Conduits is shown as- 
sembled in Fig. 185, while Figs. 186 and 187 illustrate details 
of its construction. The two longitudinal timbers, G and G 
(Fig. 185) should, for heavy work, be at least 6 in. square. 
Across the longitudinal pieces are bolted two fixed pieces, 
F and T,, each about 6 in. square and: several feet long. 
A movable timber, WM, (see Fig. 187 for detail), which has a 
groove cut in it for the conduit, is arranged to slide longi- 
tudinally on the rack. 


EXxpLANATION.—When in use, one end of the rack is elevated on a box 
frame or saw-horse as suggested in the illustration (Fig. 185). In 
bending the conduit, one end is placed under the timber F, and M is 
shifted to the most desirable position. Then when the mechanic throws 
his weight on the other end of the conduit, W, it will produce a bend in 
the conduit. A bend cannot ordinarily be made with one setting of 
M. It is, on the contrary, necessary to do the thing by increments. 
That is, with one setting of M the conduit is partially bent; then M is shifted 
backward or forward as may be required and the conduit bent further. 
This process is continued until the desired contour has been obtained, 
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The movable timber, M, should have the slot, which is cut in it for the 
conduit, rounded as detailed in Fig. 187. The slot should never, except 
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Fig. 185—Bending rack constructed from heavy timbers. Z may be about 


6 ft. or more. 


for the roughest sort of work, be cut square as shown in Fig. 186. If 
the slot is not rounded, there is a possibility of introducing kinks or 
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Fia. 187.— Details of movable timber 
of correct construction. 
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Fia. 186.—Showing the simplest 
but not the best method of cutting 


notch for conduit. 
wrinkles into the conduit. For the best work, the width and the radius 
of the slot should be such that the conduit fits into it nicely. Hence, 
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it is desirable to use a separate movable timber, which has a groove of a 
different diameter, for each size of conduit. Or, instead, a number of 
different grooves of different sizes may be cut in the same movable timber 


to accommodate conduits of different diameters. However, askilled work- 


man can operate successfully on conduits of a number of different diam- 
eters by using a groove of but one size. 

Norse.—Oruer ImproviseED BENDING Racks For Brenpinc MEpIuM- 
Or Larcn-Sizep Conpuir are shown in Figs. 173 and 188. The bending 
rack shown in Fig. 173 is similar in construction and operation to that 


Conduit 
Being Bert. 


| ™nole Thru 
Timber 


Wooden 


Fie. 188.—Timber braced between floor and ceiling for a bending rack. 


shown in Fig. 185. It consists of two principal timbers, P; and Ps, and 
a couple of blocks, Bz, and B;, arranged across them as indicated. It 
is usually desirable to nail a third piece, B:, across the upper ends, to 
prevent the timbers from spreading. The bending rack shown in Fig. 
188 consists of a timber, 7’, braced between ceiling and a floor, through 
which is cut a hole, H, large enough to admit the largest conduit to be 
bent. The wooden wedge, W, clamps the timber in place. In bending, 
the conduit is gripped as shown, in the hole, H. In order to secure 
sufficient leverage it may be necessary to push a length of conduit of a 
larger diameter over that being formed, thus providing a long handle. 
Usually, in bending the conduit a considerable portion of the bend is 
formed on one side of the timber and then the bend is finished on the 
other side. Two men pushing down on the end of the conduit are usually 
necessary for effective work. If conduit of smaller diameters is to be 
bent, wooden blocks may be placed in the hole, H. 


— 
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133. A Bending Rack Comprising Two Blocks, B, And Bz, 
Bolted On A Post, P, is often employed (Fig. 189). A rack of 
this design is often useful for conduits of the medium diameters. 
The blocks are either spiked (or, preferably, held with lag- 
screws or bolts) to a wooden column or post. They should, if 
possible, be of hard wood—maple. The blocks may extend 
from 2 to 3 in. beyond the face of the post, to prevent the 
pipe from slipping out of place while it is being bent. A 
semicircular groove cut in each block close to the post, so 
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7 Punched Washer 
, and Lag Screw 
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; Being Bent 


LL 


Fic. 189.—Bending blocks mounted on post. 


that the conduit will fit into it, will also tend to prevent such 
accidents. The end of each block should be rounded off as 
illustrated. By shifting longitudinally the position of the 
conduit between the blocks and bending it a certain increment 
in each position, the conduit can thereby be formed into the 
desired curvature. 


Notn.—Cizeats Or Putters May Br Usep In Constructine A 
BENDING Rack instead of the blocks of Fig. 189. In Fig. 190 is shown a 
bending rack formed from cleats, C; and C2, nailed to opposite sides of the 
post, instead of blocks, B; and Bo, nailed to the same side. ‘This arrange- 
ment is not as satisfactory as that shown in Fig. 189; since the cleats are 
further apart as nice a bend cannot be thus obtained. Old wheels or 
pulleys (W; and W2, Fig. 191) may also be used. They are very satis- 
factory and are not as likely to kink the conduit as the blocks or cleats 
which have more or less sharp edges. An old pulley, P, tied to a post, C 
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Fig. 190.—Bender made by 
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Fra. 191.—Bending rig comprising a couple of old wheels or pulleys bolted to a 


post. 
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(Fig. 192) may be used as a conduit bending rack. However, this 
method is rather crude. Extra leverage is obtained by slipping a large- 
sized pipe, S, over the conduit end. If the conduit end is threaded, a 
coupling should be screwed on the thread to protect it. 


Coupling To 
‘Protect Thread 


Fig. 192.—Bending small conduit around pulley tied to post. 


134. Bending Blocks Secured To The Top Of The Work- 
bench comprise a type of bending rack (Fig. 193) which is 
very popular for forming 14 and 
34 in. conduits. In some of ~~ socks 
these racks one form block, Fi, 0 
has a grooved edge; the other 
block, B, has all of its corners 
square. The arrangement which = ~ *S8 
has two rounded-corner forms is =“ < 


+ Spikes or 


ee / Lag Screws 


preferable, in that with it the ,* a) 
operator may bend the conduit as SZ / 
in either direction. Usually, the °”’"*°”"~.. SK 
blocks, B and F}, are of about the ia 
dimensions suggested in the illus- 
tration. The effectiveness of the Fie. 193.—Bending blocks mounted 
outfit is not impaired even if its on work bench. 
dimensions are widely different from those suggested. The 
blocks are sometimes attached to a plank secured on hori- 
zontal members extending from studs in the building. For 
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best results, the width, W, of the slot between the two blocks 
should be just large enough to admit the conduit. However, 
34- and 14-in. tubes may be satisfactorily handled on the 
same form. 
Norr.—ComBinaTion Prez Vises AND BENDERS are, in reality, 
examples of the bending rack as de- 
ye fined in Sec. 124. A typical bender of 
this type is that (Fig. 194) manufac- 
tured by the Austin Company. The 
hon I A = conduit to be bent is clamped in the 
=) \ aOR vise, V, by tightening the handle, H, 
= of the screw and is then bent by the 
operator around the grooved form as 
desired. 


: oe ae ination pinevice ,, 220: A Twin-Spool Conduit 
HIG. »—Compb1nation pipe vise . . 5 
and bender. Ries ay the Bending Rack (Fig. 195) 18 
M. B. Austin Company, Chicago, often convenient for forming 
Tl. : ; 

curves in conduits of the smaller 
diameters. This rack consists of a cast-iron base, B, upon 
which are mounted two grooved metal spools, S; and Sz. 
Spool S; is permanently bolted in place, while S. may be 
shifted in the slot, to provide for making bends of different 
radi. <A lug, LZ, extends down from the bottom of the base 
so that it may be gripped in a vise on a work bench. 
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Casting | ee pping “Different Positions 
Fia. 195.—A twin-spool bending rig. Fic. 196.—The Rex conduit 


bender. (M. B. Austin & Company, 
Chicago, Ill.) 


Nore.—CommerciaL Twin-Spoo. Benptna Racks Or A NuMBER 
Or Dirrrrent Drsians Are Manuracrurrp. One of these of typical 
design is diagrammed in Fig. 196. All of them comprise about the same 
elements: First, a frame casting, C; second, a permanently-located, 
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grooved spool or sheave S;; and, third, an adjustable grooved sheave or 
spool, Se, Racks of this general design are provided with bolt holes 
whereby they may be attached to the workbench or to some member of the 
building wherein the conduit is being installed. 


136. A Twin-Spool Rack For Forming Short-Radius Bends 
In Small Conduits can be assembled as detailed in Fig. 197. 
Obviously, this comprises the three essential elements de- 
scribed above: a frame or baseplate, /, a stationary spool, 
S;, and a movable spool, So. It may be desirable, as in this 
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Frq. 197.—Arrangement for making short-turn and complicated bends in 
small-diameter conduits. 


case, to have both S; and S2 and the stop block, B, movable. 
Where the bends are to be made to a very short radius, it 
may be necessary to fill the conduits with sand as suggested 


in Fig. 198 before they are bent. 


Nore.—In Maxine A Benpd Wit Tuts Devicp, (Fig. 197) the sheaves, 
S, and S., and the stop block, B, are fastened in their proper locations on 
the baseplate. If the conduit to be bent is short, the extension lever, L, 
is used in combination with the gripping block, G. This increases the 
length of the lever arm and makes the bending easier. When making 
short-radius bends, the conduit, C'S, must, usually, be filled with sand to 
prevent its collapsing. ‘Two different arrangements are shown in Fig. 
198. An important precaution should be observed; if the filled conduit 
is to be heated prior to bending, the sand must be dry or an explosion may 


result. Whether or not it is necessary to heat the conduit before the 
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bend is made, will be determined by its diameter and the radius of the 
bend. 
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Fig. 198.—Showing how the ends of the conduits to be bent are plugged 
and how it is filled with sand. 


137. A Shaft-And-Ring Conduit Bender, sometimes called 
a bull-ring bender, is detailed in Fig. 199. The method of 
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Fie, 199.—Details of construction of the shaft-and-ring bender. 


its use is shown in Fig. 200. The shaft (or filled pipe), S, is 
about 12 in. long, while the shank of the eye-bolt is about 


a = 
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14 in. long. The height of the ring, R, above the work bench 
can be adjusted by manipulating the nuts on the shank. The 


“Bench 


Floor Bear 


Fie. 201.—Rig for bending conduit with blocks and fall. The positions of 
B and R may be shifted as necessary. Pulling down on L raises Pe. 


iron cylinder, S, may be fastened to the top of the bench, if a 
considerable amount of bending of the same size conduit to 
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the same radius has to be done, but greater flexibility is 
obtainable if the block, B, and the iron cylinder which it 
carries is not so fastened. 


EXxpLANATIon.—In using the rack, one end of the conduit is inserted 
through the wrought iron ring and the block is shifted until the iron 
cylinder rests under the location at which the bend is desired. Then an 
increment of the curve is formed by bearing down (Fig. 200) on the free 
end. 
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Fic. 202.—Block and tackle used for bending conduit around hardwood form. 


138. A Block And Tackle May Be Used To Supply Force 
For A Bending Rack, where relatively large-diameter conduit 
is to be bent and where difficulties are experienced in obtaining 
sufficient force to form a conduit by direct pressure manually 
applied. Such an arrangement is shown in Fig. 201. A ring, 
C’, which is fastened to a floor beam, is used to hold the conduit. 
The hook of one of the blocks, P;, is fastened to a ceiling beam, 
S. Although the illustration shows the method as applied 
in a building of steel construction, beam clamps can be designed 
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whereby the scheme can be used in a structure of any kind, 
A block and tackle (Fig. 202) is often used to pull a conduit 


Strut-->- 


hain. 
ee ta 
sh oc 
Mit Timber 


Coupling 


Fie. 203.—Method of bending conduit with chain blocks. 


into contour around a hardwood form, H. The hook of the 
fall block is attached to an upright and the conduit pulled 
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Fig. 204.—Details of timber strut for bending pipe with chain blocks. 


into the position shown by the dotted lines. It may be 
necessary to clap a U-bolt or similar contrivance on the con- 


Pipe Threads 
Fre. 205.—Offset bend made with chain blocks. 


duit just above the hook, H, of the pulley block to prevent 
the hook from slipping from the end of the conduit. 
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Condlurt 
Being Bent--~ 
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Fic. 206.—Using pipe-tee hickey with its end driven in the ground. The 
size of the conduit being bent in the above illustration is exaggerated. Ordi- 
narily, conduit larger than 34 in. can not be bent as above shown. 
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Fie. 207.—Plan view of twin-log bending rig. The distance between A 
and B is varied with the radius of the desired bend. G: and Go are notches 
cut in the logs. W and W are wooden wedges which hold C in position. 
The distance Z should be about equal to the height of the jack screw. 
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Fie. 208.—Side elevation of twin-log bender of Fig. 207. 


Fig. 209.—Vertical hydraulic-jack bender. 
conduit from 114 to 4 in. in diameter. 
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Fiaq. 210.—An unbraced, three-post 
bending frame. The distance be- 
tween posts, P2 and P3is fixed. Bis 
a wooden block. 
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Fig. 211.—Bending conduit in a 
door or window opening with a jack 
screw. 


150 CONDUIT WIRING [Div. 4 


Nore.—A Cuain Buock May Be Usrep To Form Suort-Rapius 
Brenps In Conpurr (Fig. 203). A block and tackle may be used 
instead of the chain block. Details of the timber strut, S, are shown in 
Fig. 204. In making these short-radius bends it is usually necessary to 
heat the conduit to a dull cherry red along the outside of the curve. 
The inner side of the bend may remain at a “black” heat. Hence, where 
such a bend is to be made, the conduit should be heated in a forge and be 
permitted to remain therein while the bends are being formed. It is 
usually impossible to obtain the required bend at one setting in the forge 
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Fie. 212.—Beam-and-jack-secrew bending rig for large conduit. A slip link is 
provided in each chain for rapid adjustment. 


and pull of the tackle chain. So after the bend is partially completed, 
the conduit is shifted in the fire, permitted to become hot and then bent 
again at a new location. This process is repeated until the desired eurva- 
ture has been obtained. If the threaded end is near the point where the 
bend is to be made, a nipple and coupling should be screwed on this end to 
protect the thread and lengthen the conduit. H. K. Scholefield reports 
in Practical Engineer that two bends similar to those shown in Fig. 205 
were made by this method in 4 hr. 


139. An Inverted Pipe-Tee Hickey Bending Rack (Fig. 206) 
consists of a malleable-iron pipe tee (of a diameter sufficiently 
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large to admit the conduit which is to be bent) screwed on 
the upper end of a piece of pipe which is held to the floor or 
earth. The height, H, of the tee above the surface should be 
such that the man or men—doing the bending can exert 
maximum pressure on the extending end of the conduit. 
Ordinarily this would be about 36 to 40 in. 


Fig. 213.—Plan view of a braced three-post frame for bending large conduit 
with a jack screw. Ties, 7, prevent the posts, P, from moving. Blocking 
is shown at B. 


140. Pressure Benders (Figs. 174, 207 and 208) are essen- 
tially bending racks which utilize pressure-producing devices 
for bending the conduit. With them as with bending racks, 
it is seldom possible with one setting of the machine to make 
the bend at the location and with the radius desired. It is 
usually necessary partially to form the bend with one setting 
and complete it with new setting. For conduit larger than 
2 in. in diameter, it may be desirable to use a hydraulic jack 
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(Fig. 209) or a pneumatic cylinder (Fig. 174), in preference to 
a jackscrew, for applying the pressure. 


Nors.—AuLuL Pressure Benpers ARE ConstructTep In ESSENTIALLY 
Tur Same Manner. They have two supports, A and B (Fig. 207), for ' 
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Fig. 214.—Sectional elevation of the bending arrangement of Fig. 213. 


holding the conduit on each side of the bend. Between these two sup- 
ports a pressure-developing device, which has a grooved head (D, Fig. 
207) is located to provide the pressure necessary to bend the conduit. 
This pressure device is usually a jackscrew (Figs. 207, 210, 211, 212, 
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Fig. 215.—Wooden-block head or form for bending large conduit. (Radius 
Reis equal to the minimum radius bend desired, and A: can be obtained there- 
from. The distance, D, should be }g to 4 in. Length, L, should be equal 
to R1. Width, W, should be at least 6 in.) 


213 and 214), although for larger conduit it may be a hydraulic jack 
(Fig. 209) or a pneumatic cylinder (Fig. 174). Various methods may be 
used to support the conduit. Some of which are shown in Figs. 207, 208, 
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210, 211, and 212. Either a wooden block head (Fig. 215) or a steel 
head (Fig. 174) can be used. 


141. Roll Benders Will Form Bends In Conduits Of Almost 
Any Diameter Without Kinking, Buckling, Or Flattening 
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Fic. 216.—Improvised grooved-wheel conduit bender. 


them if the bender (Fig. 216) has been properly designed. 
Experience has shown that when the conduit to be bent is 
drawn or rolled gradually into a bending form or wheel, the 
edge of which has been hollowed Feet 

so that it just fits the tube, the a 
material will, due to the gradual 
and uniform application of force, 
be distorted without the imper- 
fections which will be introduced 
if the tube is bent abruptly. In 
these roll benders the walls of — Comut-> 
the conduit are so supported by 
the bending form that flattening 
or buckling is thereby prevented. 


I- Entrance 
Bend 


Fig. 217.—Types of bends readily 
Notre.—It Is Auways ADVISABLE eradacanithe roll pander: 


To Use Roxit Benpers WHERE A 

Larcr Numper Or Conpuirs—regardless of the diameter—are to be 
bent (Fig. 217) to the same contour. Roll benders insure a uniformity of 
product otherwise unobtainable. Furthermore, with them bending can 
be effected with a minimum expenditure of time, hence, at, minimum cost. 
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Roll benders for conduits of the smaller diameters can be improvised, 
as will be described, from materials which are, usually, obtained readily. 
On the other hand, it does not ordinarily pay to endeavor to construct a 
“home-made” roll bender for conduits of the larger diameters. A bender 
for the large conduits should be purchased from one of the several manu- 
facturers. In ordering a commercial bending machine, the manufac- 
turer should be advised as to the service for which the device is intended, 
because the design of these machines is, in some cases, different for 
certain kinds of conduit than for others. 


142. Improvised Roll Benders may be made in various ways. 
They may have either a wooden bending form as (Figs. 216 
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Fic. 218.—A_ substantial improvised lever-and-roller bender. (W. E. 
Chandler in Power, Jan. 12, 1915.) 


and 218) or a roller or sheave bending form (Figs. 175, 219, 
220, 221 and 222). The handle should in each case be long 
so as to insure ample leverage. For best results the grooves 
in the sheave should fit the conduit to be bent with as little 
clearance as possible. The pivots and bending wheels should 
be of substantial design as they must withstand considerable 
stress. The roll bender may be designed to operate in a verti- 
cal plane (Figs. 175, 216, 218, and 221) or in a horizontal 
plane (Figs. 219, 220 and 222) for a work bench. With a 
roll bender working in the vertical plane, a little more power 
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may be obtained due to the use of the weight of the body. In 
bending, the conduit is inserted between the bending rolls 
which then lie in the positions indicated by the dotted line in 
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Fig. 219.—All-metal, roller bender to be permanently mounted on bench top. 
Fig. 175. Then to bend the conduit, the lever is pulled toward 


the operator, which forces the conduit into a bend of the 
radius of the stationary form or roll. 
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Fig. 220.—Conduit bender made from a sheave wheel. 


Nors.—Tue Routt BenpErs Wuicu Have A Movasie Router AND 
Srop Pins (Fig. 219) have the advantage that bends of different radii 
may be made. To accomplish this the bend must not be made at one 
setting, but instead the conduit should be bent by increments and the 
position changed after each increment, 
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Handle - 


--Collapsible 
Benth Legs 


Fig. 221.—-The Hercules bender invented by G. EH. Phillips of Sarnia, 
Ontario. In using this bender, the conduit is first held between the flat place 
in wheel, W, and the clamping plate, C. Pulling lever, L, then draws the 
conduit around the grooved form of wheel, W. 


Ironing Ball 


Tube Being 
Bent-----* / 
\ Cam 
wie 


Fig. 222.—Jig for bending thin tubes. This device is similar in operation 
to that shown in Fig. 221. Its feature is the ironing ball which is used to 
prevent buckling when making short radius bends. (fF. C. Mason, American 
Machinist, Dec. 9, 1915, p. 1040.) 
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Notr.—One Tyre Or CommerciaL Rott BEenpER For Conpvuit 

(Fig. 223) is similar in construction and operation to the improvised roll 
benders shown. Its feature is the clamp for holding the conduit. 


Bending 


the disadvantage that bends greater than 90 deg. cannot be formed in 
Lever, 


one setting. 


ng 
Wheels 
(Thomas & 


Tig. 223.—A typical commercial roll bender for conduit work. 
Betts, New York City.) 


143. The Bending Force In A Roll Bender For Large 
Conduits May Be Applied Through Chain Blocks (Fig. 224).— 
i 
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I'ig. 224.—Bending machine which has been used for quantity production. 
Portable benders of this type have been successfully used for 
For the cold bending of the tubes, the 


quantity production. 
end of the straight conduit to be bent is first inserted under the 
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Gulde Sion ae rol Vai 
Extension for} * Be _Air Cylinder, 


Ait-Pressure Supply: ; 


Fig, 225.—Pneumatic conduit bender designed, built and used in the 
Dectaur Shops of the Wabash Railroad. Similar benders are employed by 
the Southern Pacific Railroad and the Westinghouse Electric & Manufactur- 
ing Co. for bending conduit for car wiring. It requires only about 14 min.— 
the time consumed by the piston in moving a stroke—to form a bend with the 
machine. Rolls, R, of various external diameters and having grooves of 
different sizes are provided for forming bends of different radii in tubes of 


different diameters. Air pressure is 100 lb. per sq. in. See Figs. 226 and ~ 


227 for details. 
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Fig. 226.—Assembly of the “ Wabash’? pneumatic bender. In bending, 
the conduit, it is so placed on table, MW, that it lies across the T-slot, 7, and 
in the grooves of two stationary bending rolls which are placed on bending- 
roll pins in H and H. Then when air is admitted to the cylinder, the piston 
forces another bending roll (which has been placed on crosshead pin, F) 
longitudinally along the table, thus bending the conduit. By using bending 
rolls of different diameters and by arranging them in as required over the 

‘holes, H, bends of the contour desired may be obtained. 


— 


(iy &o = 


Sec. 143] MANIPULATION AND TOOLS 1 


W-crosshead,— —|7** 


Wrought Iron . | >— 


is 
Ty 
C = Seer VS en | See 
TEnol Frame [ea pues (eee 
eae eee uy Cast Iron oe 
a , 
S C= Es - ~)— 
“ oh is, ae or ie Pin 


Stee/ 


7g olEV-Block 
feng Mgt ons aing Roll inci! — RS Tse tl 


=o a Pin-13%4' 
Sires ae) as oe 
eee ey be3-> ee eaee| 


II-V-Block Clamp cae Rod 
Ce 


Fig. 227.— Details of the “ Wabash’’ pneumatic conduit bender. 
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Fig. 228.—Pedrick bending machine, forming turn in 114-in. conduit. 
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strap iron saddle, S. Then as force is gradually exerted on 
the lever, L, with the chain blocks, the grooved roller is 
pulled along over the sector, pushing the tubing into the 
groove. 

144. Pneumatic Conduit Benders (Figs. 174, 225, 226 anc 


227), which operate by compressed air, are very economical 
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Fia. 229.—Pedrick bending machine set up for making short radii bends. 
W is a stop to hold the conduit end in place. 


and effective where wiring is being done on cars or on similar 
equipment in shops where compressed air is available. 

145. The Pedrick Bending Machines (Figs 228 to 233) are 
typical of certain lines of machine benders which have been 
developed in this country. In these machines the conduit to 
be bent is secured in the clamp, C (Fig. 228) at the end of the 
cast-iron quadrant, @. Then the face-plate, P, is rotated by 
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pulling on the hand spokes, H. Reduction gears are inserted 
so that the force exerted is multiplied enormously when 


. Stop Bolted 
~ ln Position 
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< ; Le 
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e | Bent / \ 
—— - ee a : 
Fic. 230.—Forming a right-angle, Fig. 231.—Bending an offset with the 
5-in. radius bend in 114-in. conduit. roll bender. 


(Note the hand wheel, H, on the top 

of the close-radius attachment which 

is used for imposing pressure on the 

roll Ri.) 

imposed on the conduit. As the plate is turned, the conduit 


is drawn into the groove and assumes the contour of the 


Hand Wheel 


Fig. 232.—Forming a double-right-angle bend on the roll bender. (The 
radius for all of these bends is 5 inches.) 


quadrant. The resistance stud and roller, S, which are 
mounted on arm, A, restrain the free end of the conduit. It 
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is desirable to locate the resistance stud, S, as far from the 
quadrant as is feasible because excessive stresses are thereby 
minimized. 


Nore.—Benps Or Dirrerent Rap Can Bs Mane By USING 
DIFFERENT QUADRANTS. The standard equipment consists of the 
following quadrants: l-in. conduit, 6-in. radius; 114-in. conduit, 9-in. 


Forming 
Quadrant: 


Main Frame EZ 
Casting--------" 2B, 


Qunkontsee oe = 7 
Fig. 233.—Bender—either hand or power driven—for large-diameter conduits 
up to 414 in. diameter. 

radius; 114-in. conduit, 12-in. radius; 2-in. conduit, 14-in. radius. For 
smaller radii bends the bender must be modified, as illustrated in Fig. 
229, by the addition of an adjustable arm, A, which carries on its lower 
end a roll, Ri. The bending roll, Re, is substituted for the quadrant. 
Figures 230, 231, and 232 illustrate how the different bending operations 
are performed with the device. For bending conduit between 2 in, and 
414 in. in diameter the machine shown in Fig. 233 should be used. The 
elements of this machine are the same as those for the bender of Fig. 
228 except that they are heavier. 
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146. In Forming A Right-Angle Bend, By Hand, With A 
Hickey the first step is to ascertain, by measurement with a 
6-ft. folding rule at the place where the conduit is to be 
installed, just where the bend should be located in the conduit. 
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Fig. 234.—First operation in forming a bend with a hickey. Distance from 
outside of bend to wall has been laid out on floor. 


Then the distance (D, Fig. 234) from the end of the Conduit 
to the outside of the bend which is to be formed should be 
marked on the floor by drawing a line (AB, Fig. 234) with a 
piece of chalk. (It is useless to 
endeavor to make a bend accurately 
in a piece of conduit by marking the 
bending point on the conduit itself, 
Fig. 235). Now, butt the end of the 
conduit (H, Fig. 234), in which the 
bend is not to be made, against a wall 
or similar vertical member of the 
building. Place the hickey over the 
other end of the tube at a location Fie. 235.—Showing chalk 
about 2 or 3 in. outside of the mark [m°, 0%, center Punch mark 
on the floor, as indicated in the 

illustration. Next, stand on the conduit just inside of the 
location mark on the floor and pull over the hickey, draw- 
ing the conduit end through an angle of about 20 deg. (Fig. 
236). And, still standing on the conduit, move the head of the 


164 CONDUIT WIRING [Drv. 4 


bender along the conduit toward the wall about 1 in. and bend 
the conduit a little further (Fig. 237). 


es 


Fie. 236.—Second operation. The bend started. 


Repeat this process until the turn has assumed the contour 
desired and until the outside face of the bend is in vertical 
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Fie. 237.—Bend partially completed. 


alignment with the chalk mark made on the floor (Fig. 238 at 
MN). If the bend is not made in small increments, kinks 
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(Fig. 420-77) will be introduced or the conduit may even be 
cracked. It may be necessary in finishing the bend, so that 
it will occupy just the right position in the tube, to invert the 
hickey and use its handle as a lever on the tube (Fig. 238). 
The process is essentially a “cut-and-try” one. A little 
practice is all that is necessary to render any one proficient. 
If the bend first formed is of too long a radius, the difficulty 
may be corrected by following the procedure outlined under 
Sec. 150. 


: ~~ Hickey Inverted and ——~ 
| _ f= Sipped Over Fipe 
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Fig. 238.—Finishing the bend using inverted hickey as a lever. 


Notrt.—Tue Rapvir To Wuich Benps SHoutp Be Formep will be 
determined by the local conditions affecting each case. As a general 
rule it is desirable to insure ease of manipulation and the pulling in of 
the conductors with minimum effort, that the radii should be as large 
as possible. In the Natronat ExLmctricaL Cope it is specified that the 
minimum radius of the inside of any bend should be 34% in. This value 
should certainly be taken as a minimum where the bend is in a long 
conduit run. But where the distance between outlet boxes is short 
and where there are not more than two bends in the run, the shortest 
radius bend which it is possible to make will ordinarily be accepted by 
wiring inspectors. 


147. A Right-Angle Bend May Be Made With Two Hickeys 
(Figs. 239 and 240).—This method may be desirable where a 
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number of lengths of conduit must have formed in them turns 

of uniform contour. While with obvious variations the 

general procedure indicated may be followed for bends of 

almost any degree, the directions given in the note relate 
4 


specifically to 90-deg. or right-angle elbows in 14-in. conduit. 
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Fig. 239.—First position in forming a bend with two hickeys. (Dimensions 
shown are those for }4-in. conduit.) 


Where a roll bender is available it should be used in preference 
to the two hickeys. 


Note.—TuHeE Procepure# Is As Fouuows: First, lay off the required 
dimensions (D, B, and A, Fig. 239) and mark them on the conduit 
either with chalk or a center punch. Then, placing the hickeys, H; 


ey | | 7 Rf iW 


F’iq. 240.—Second position when forming a bend with two hickeys. 


and H», on the marks indicated and holding H, vertically, force H» 
around until it lies at right angles to H, (Fig. 240). The bend will thereby 
be formed and it will be in the location required. 


148. Table Indicating Locations Of Hickeys When Forming 
A Right-Angle Bend By The Two-Hickey Method.—The 
values of Table 149 may be employed instead of those given 
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below in which case the bend formed will have a larger radius. 
(The reference letters are those in Fig. 239.) 


| Ae as B 
Se cenit Distance from location | Distance from location 
line to face of hickey | line to face of hickey 
Ay | Hy 
16 in. 2 in 4 in 
34 in. 3.1n 5 in 
i aia 4in 6 in 


149. Table Of Values Useful For Locating Right-Angle 
Bends (Fig. 241) in conduit. The method of obtaining these 
values is given in the note and their use is illustrated in the 


“Conduit Box 
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Fic. 241.—Showing the method in which values given in Table IV are used. 
The dimensions given pertain only to 14-in. conduit. Note that the distance 
AC in I is equal to AC in IJ. 


following example. The values may be used when locating 
the hickeys (Fig. 239) when two are used, in making a right- 
angle bend. When a bend is to be made with a roll bender, 
only the length AB, need be used. 
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| Standard 
: Outside F AC BC 
ize oL diameter of radius Of Total length AB 2 
conduit Soe center line : — in. + in. 
conduit, in. : of bend, in. | 
| : | of bend, in. | | 
4% 4% 46 7 5 2 
9% 4, | 5% | 8% 6 | 24 
1 | 16 | 534 | 9 | 6% 2 
1% | 154 4 | 11% 8 314 
1% 1% 8% 13% 91% 334 
- |. 23% 914 / 15 104% 4lg 
2% | 278 10% 16% Te ab, 416 
3 i) 336 13 | = =206 1434 534 
3% | 4 15 | 2314 SS 644 
4 416 16 25 1814 634 


Exampite.—Assume that a 14-in. conduit is to run from a ceiling out- 
let box (Fig. 241-7) across the ceiling to the wall and down along the 
wall. To locate the bend properly proceed as follows: On the conduit 
length, lay off the distance, D, thus obtaining the point, B. Under the 
column marked ‘‘AB,” of the table and opposite 14-in. conduit, find 
5 in.; and under column “BC,” find 2 in. From the point, B, lay off 
A, 5 in. to the left and C, 2 in. to the right (Fig. 241). Then if the bend 
is started at A, and finished at C, it will be properly located. 

Nore.—Tue Vauuses Given In THE Tasie ARB OBTAINED IN THE 
Fottowine Manneur: The length of the are AC must be equal to 14 
of the circumference of a circle of the standard radius of bend, assuming 
a perfect bend which is practically obtained. For 14-in. conduit, tak- 
ing a standard radius bend of 414 in., AC must equal: 144 X r X 2R = 
44 X 3.14 X 2 X 4.5 = approximately 7 in. as given in the table. Now 
if the bend is to be located so that one side of the conduit is to be along 
the wall (Fig. 241-/), the bend must start at a distance AB, from the 
wall. The distance AB, will be (radius of the center line of the bend) + 

. (the radius of the conduit) = 4.5 + 0.5 = 5 in. approximately. Hence, 
the bend must start at a point 5 in. to the left of B, and must continue for 
7 in. ending at C a point 2in. to the right of B. If it is desired to locate 
bends of different yadii from those given in the table, the method just 
described may be used for obtaining the lengths AB and BC, 


150. To Make A Short-Radius Bend In Conduit for a 
location such as that indicated in Fig. 242, the method to 
be described can be used. Where turns of the usual radius are 
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made, the conduits do not lie close to the surfaces. They 


then present an undesirable appearance (Fig. 243). 


p 


Fig. 242.—Conduit with short-radius 
bends installed around beam. 


But 
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Fig. 243.—Conduit with long-radius 
bends installed around beam. 


with this method, bends of the approximate form shown in 
Fig. 242 can be so made that the inner face of the conduit 
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Fig. 244.—Method of forming 
short-radius bends. 
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Fic. 245.—Showing the elbow which is to 
be shortened. 


will lie not more than 1}4 in. from the faces of the beam. 
A sleeve, P, of a larger diameter than the conduit, C, being 


/> S bp 
SST; ‘ 
S _---- Lorge Diameter Tube 
e Used for aLever 


NS 


Pipe Lever f 
Now Vertical--+--7. 


Fig. 247.—Method of shortening the 


Fic. 246.--Method of shortening the 
bend—second operation. 


bend—first operation. 


bent is slipped over the end of the conduit (Fig. 244) and then 
the short-radius turn can be formed. 
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Nore.—To Suorren A Benp (Fig. 245) which has already been 
formed, a tube, 7’, (Fig. 246), of such diameter that it will slip over the 
conduit is used as a lever and the end of 
the conduit (the operator standing on it 
to hold it to the floor) is bent back so 
that the angle A is somewhat less than 
90 deg. Then the lever tube (7, Fig. 
247) is slipped down further on the con- 
duit and the conduit then bent back 
to a vertical position. Thus the radius 
of the bend may be decreased from that 
Gompleted pond: of R, of Fig. 245 to Rz of Fig. 248. 


Fia. 248. 


151. In A Multiple-Conduit Run The Conduits Should 
Lie Parallel, both in the straight portions of the runs and at 
the turns. Fig. 249 shows the appearance of a turn in a 


, Couplings 


Se 


Fig. 249.—Showing a right-angle Fie. 250.—Showing a right-angle 
turn made in a conduit run with turn made in a conduit run with 
bent conduits. conduit elbows. 


multiple run where the conduits do lie parallel to one another, 
while Fig. 250 indicates how the same run would look if 
standard elbows or bends, formed without any reference to 
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symmetry were used. To insure a neat appearing turn 
outlined in Fig. 249, it is necessary to lay out the contour of 
each bend with a chalk line on the floor and then form the 
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Frg. 251.—First operation in lay- Fig. 252.—Second operation in 
, ing out a conduit bend. laying out a right-angle conduit 
bend. 


turn toit. How this may be done is described in the following 
note. 


Note.—In Layine Our Ricut-ANGLE Benps for conduit runs the 
procedure is as follows: First (Fig. 251), draw a chalk line, OA, of any 
length (preferably 4 or 5 ft. long) on the floor. Second, lay off the dis- 
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Fie. 253.—Third operation in laying  [1a. 254.—Fourth operation in lay- 
out a right-angle conduit bend. ing outa right-angle conduit bend. 


tance OB (Fig. 252) 4 units long. The units may be any dimension. 
That is, 1 ft. may be taken as a unit or 1 in. or 6 in. However, 1 ft. 
ordinarily affords a convenient unit. With a piece of chall tied on the 
end of a length of string for a compass, and with O as a center and a 
radius of 3 units, describe the are YZ. With B as a center and a radius 


a 
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of 5 units describe the are WX. Now, draw a line, OD (Fig. 253), 
through the intersection C, of the two arcs. The line OD will then be at 
right angles to 0A. Now OD and OA may be prolonged to any required 
length. Then, with O as a center, the different arcs, to which the con- . 
duits of the multiple run are to be formed, are drawn on the floor (Fig. 


_-Floor of Bullding 
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Wd 
Fig. 255.—Showing how the bend should be formed to a chalk line. 


254) with the chalk-line compass. As suggested in Fig. 255, when 
a bend is being formed it must, from time to time, be laid on the floor 
at the side of the chalk line drawn for it, to insure the proper contour. 
It is usually desirable to draw the chalk lines HM and NF as part of the 
layout to assist the operator in the correct formation of the elbows. 


152. In Making Short-Radius End Bends such as may be 
required where an elbow enters an outlet box (Fig. 256) 
iy isl ea 
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Fig. 256.—Showing how a short-radius bend is necessary in a thin floor slab 
when the conduit feeds into the outlet box from the top. 


special methods must be adopted. Such bends differ from 
ordinary short-radius bends in that they must be threaded. 
These are frequently required in thin concrete floor slabs 
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when it is desirable that the conduit enter the bottom of 
the box (Fig. 256). The feature that necessitates unusual 
handling is that the bent end of the conduit must be threaded. 
The first step is shown com- Conduit To Enter Outlet Box 

pleted in Fig. 257. The bend of y 
the short radius, R, has been 
formed, the coupling, C, having 
been turned on the threaded pm 
end of the conduit to prevent BIOS 
the mutilation of the threads 
during the bending process. yy. 257.—Completion of first 
The bend at R should ordi- operation in forming short-radius 
narily be of the shortest radius So ae aoa 

which it is possible to make. Next, the die in the pipe stock 
is reversed in its socket (Fig. 258) and the end of the conduit 
is then threaded as far as it is possible to turn the die on the 


Shortest Radius prees! \ 
Possible ------~~" 


Be Conduit 


ee Stock With 
De Reversed 


Fic. 258—Cutting thread on conduit end with die reversed. 
conduit (Fig. 259). Now the surplus length (Z, Fig. 260) is 


cut from the end, so that the threaded portion, P, which 
remains, is merely long enough to accommodate the locknut, 


Thread For : 
Locknurts ond Brushings ~ 


Cut Thread ye i End of Conduit WhichHas = +: P 
To This Line --- Been Threocled & Cut Off ---> 
si [a 
Fig. 259.—Conduit end threaded up Frq. 260.—Conduit end cut off and 
to bend. ready for insertion in outlet box. 


the bottom of the outlet box and the bushing (Fig. 256). 
Elbows which measure only 234 in. from the end of the pipe 
to the inside of the bend have been made by following this 
process. 


174 


CONDUIT WIRING 


[Div. 4 


153. When Bending Conduit Elbows For Ceiling Outlets it 
is sometimes desirable to arrange a form or templet like that 


Conduit Being 
y Fitted 


_- Pieces of Joists~~__ 


: 


Outlet 
BOX. 


detailed in Fig. 261. 


The pieces B and C are sections cut 


from joists of the same depth, D, as those used in the building 


Wall -- 


Ground 
Line. ‘ 


ix 


Fig. 262.—An offset bend in a con- 
duit run. The “offset” is, usually, 
taken as the distance between the 
center lines of the two runs, instead of 
from “out’’ to “out,’’ as shown 
above. 


Nes IF 
SS 


RK 


A 
Foundation -” 


in which the installation is being 
made. FE and F are braces. 
A is a plank about 5 ft. long 
and 2 in. thick. An outlet box, 
O, of the type being used is 
mounted on the plank as 
shown. Then, after each bend 
is formed it can be tried in this 
templet which lies on the floor, 
to insure that the bend will fit 
without having to take it to 
the location to where it is to 
be installed. In using this 
scheme, the short legs of the 
bends can first be made some- 
what longer than is actually 
necessary and then threaded 
and cut off to fit. This pro- 
cedure may be more econom- 
ical than endeavoring to bend 
the short leg to the correct 
length. The plan is particu- 
larly desirable where the con- 


duit lengths being used do not have perfect threads on them 
and therefore must, in any event, be rethreaded. 


ae 
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154. In Bending Offsets (Fig. 262) the following method 
is the one most frequently adopted. As is evident from the 
illustration, an offset bend involves the forming of two curves 
in the conduit, the extending ends of which must lie in diree- 
tions parallel to one another. The first bend (A,, Fig. 263) is 


Hickey ~~~ _ _--- Direction of 
a & Bending Force 
pit 


 Bend-& 2 
Conduit Being \ 
Bent. Nt ie 
—— 
s oF — ~~ 
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os z= a eat Sy, 
a “> ==1-=Bench or Porch, 
aa z = Surface or Similar 
~ ee Ss Elevated Plane 
Of, : STITT III T, 7 7. 
VJ pI YU 7 
YH py ii MEI MIELE Ystsy Vy J We 


Fie. 263.—Method of making an offset bend with a hickey. 


made with a hickey in the manner described in Sec. 146. 
This bend is not ordinarily one of 90 deg. Then to make the 
second bend, B, the conduit is laid on a plane raised above the 
surrounding surface. By placing the hickey over the conduit 
as suggested in Fig. 263 and forcing it in the direction indicated 


a -Beneling 
eerie 


) 
Hickey Used Peers 
ASA ws > Paige 
Lie a. 
ye fOr eZ ae es 
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Fra. 264.—Second operation in forming an offset with a bending sleeve and a 
hickey. 


by the arrows, the second bend, B, can be formed, the first 
bend then taking the position A». 
“Nore.—ANoranr Metruop Or Forminc AN Orrset (Fig. 264) 


involves the use of a hickey, H, and a bending sleeve, S. In forming 
the first bend, the tools are arranged as shown in Fig. 265. To make 


176 CONDUIT WIRING [Drv. 4 


the second bend the short-handled hickey is braced against the floor 
(Fig. 264) and the wireman forces down on the bending sleeve, which 
has been inserted over the conduit, until the two ends of the conduit lie in 
parallel directions with their center lines the requisite distance from 
one another. 


Condurt Being 


Frq¢. 265.—First operation in forming an offset with a bending sleeve and a 
hickey. 


155. The Length Of Conduit Required For The Offset 
Length In An Offset Bend can be computed by multiplying 
the offset distance (O, Fig. 266) by the secant of the offset 
angle, A. These secant values for different angles may be 
obtained from most tables of trigonometric functions (see 
the author’s ‘American Electricians’ Handbook’’). 


Longftudinal Distance, 


Offset 


Condlult--“" 


\ bo ee 
Ve Length of Offset” 
Fra. 266.—Illustrating length of conduit required for an offset. 


The quickest way, usually; is to lay off on the floor full size 
the angle, A, and the offset distance O, and then measure 
the length of the offset length, L. 

156. In Forming A Number Of Duplicate Bends With A 
Roll Bender the scheme suggested in Fig. 267 may be used. 
Often where a number of conduits constitute a multiple run 
they should be bent to exactly the same radius. An example 
of this condition is illustrated in Fig. 268 where the bends, B, 
should all be of uniform contour. To insure this uniformity, 


- yen Rg 
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a chalk or center-punch mark is made on the conduit at the 
point where the bend should start. Then when the conduit 
is placed in the bending machine, this mark is located opposite 
a pencil line, N (Fig. 267), on the form. Another pencil line 


_- Center Punch Mark 
F On Conduit 


Top of Bench Fs 


Fie. 267.—Marks on bender to insure duplicate bends. 


M, is marked on the form at the point to which the bend should 
extend. In operating the bender the operator pulls the roll 
only just far enough that the conduit will lie tangent to the 
mark M, and the bend is completed. 


ON. - “Holes For 
im eS} Conduit 
ey, <~ 


*=- Couplings 


Fia. 268.—Uniformly-bent canduit entering a steel cabinet. 


Nore.—To Maxrt Unirorm Benps Wirn A BerEnpina Rack the 
method illustrated in Fig. 267 may also be used but that shown in Fig. 
269 is generally preferred. In this method a spike driven in the top of 
the bench forms a stop against which the conduit is butted so as to 
properly locate the bend. If an angle less than 90 deg. is desired, a 
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mark is placed on block, Bs, to indicate where the bend should stop. 
The conduit is bent by pulling its far end around the form, thus forcing 
it to the required contour. 

157. A Device For Quickly Forming Bends At The 
Required Location In The Conduit may be readily constructed 


h 


*- I- Plan View 
’:-Top of Bench ave 
ay Ss] 


i= 


z 
Il’'te. 269.—Form for bending conduit to exact contour arranged on bench top. 
(Fig. 270) by attaching two scales at the side of the bending 
form. The scales, P and 7’, may be pieces of 2 by 2 dressed 
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Fia. 270.—Scales mounted on bending bench. 


timber. 7’ is removable and extends only to the point Y. 
It is thus arranged so that it ean, for transportation, be taken 
from the top of the bench by removing two wood screws. If 


—E—EE——————— 
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left permanently attached to the bench top, it is likely to be 
broken. 


EXPLANATION.—In bending, the conduit is laid in the groove with its 
end # extending out along 7 to some point on the scale which has been 
determined by experiment. Then, without shifting the conduit longi- 
tudinally in the groove, # is swung around until the elbow in it has been 
formed. The scale P may also be of service in locating the bends at 
the proper positions in the tube. Both 7 and P may be graduated in 
inches. 


158. In Forming Uniform Double Bends a rack constructed 
as detailed in Fig. 271 can be used to advantage. Often in 
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Fig. 271.—Perspective view of form for making special bends. 


industrial-plant buildings it is necessary that many lengths 
of conduit have double bends formed in them (Fig. 272) where 
the runs pass around a pilaster. If a rack like that of Fig. 
271 is constructed such bends can be completed with minimum 


Outside Well 


‘._ Outlet 
~~ Box 


aes 26" 


Conduit 


Pilaster-< 


Fie. 272.—Double bend in conduit around a pilaster. 
time expenditure. Figure 273 details the dimensions for a rack 
for forming the double bend required in Fig. 272. 


Norn.—Tur Process In Forming THe Dovusite Benp Is Tuis: 
Place the conduit in the groove between blocks C and D (Fig. 274) so 
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that when the bend is completed the left end, X, of the conduit will 
extend into its outlet box just the right distance. Thereby the cutting 
off of this end of the conduit is avoided. After this location has once 


_- Slot Just Wide , 
Top of Bench. Enough To Adrmt 
\ Conduit Easily 


=~: Y : ———— 
4.44 Blocks » ; 
Wass 


“24 Block 24 Block” 
Fig. 273.—Plan view of form for making special bends 


\X End Should Be Butteot 
Against Gage Block ~A 


Y End 


Fre. 274.—First operation in forming double bend. 


Top of Bench 
y 


Y End 5 Bent into 
The Fosition Shown 


Fria. 275.—Second operation in forming double bend. 


been determined, the block A is nailed to the bench top which renders a 
second determination unnecessary. The Y end of the pipe is then bent 
around the form (Fig. 274). Next, reverse the conduit (Fig. 275) so 
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that the Y end lies between B and D and the X end projects over H. 
Now bend the X end around D (Fig. 276). Finally, the hickey ora 


The Two End's Are 
- Bent Around-D, 
ab AA TTS =~ 


Fia. 276.—Third operation in forming double bend. 


bending sleeve is engaged successively on the X end and the Y end of 
the conduit and it is bent into the form detailed in Fig. 277. To com- 
plete the tube, the Y end is cut off to the correct length and threaded. 


aay ae Top of Work Bench San ee 
ape oe eel 


Cut OFf Here 
~~ and Thread 


Fre. 277.—Fourth operation in forming double bend. 


159. In Forming A Bend So That The Extending Leg Will 
Be Plumb the expedient diagrammed in Fig. 278 has been 
employed. In the example shown, and in numerous similar 
cases, an exposed conduit is to be installed on a side wall close 
to the ceiling and its outer end, H, should be bent so as to 
extend vertically downward. Inasmuch as the ceiling of a 
room is not always at right angles to a plumb line, the work- 
man cannot be sure of a neat looking job by merely forming 
a 90-deg. elbow in the conduit. However, if with one leg of 
the conduit held temporarily in place along the ceiling as 
shown in the picture, he ‘‘plumbs” the extending end, H, and 
bends it to fit, a neat looking job will result. To do this a 
2 X 4 timber, 7, with a V-notch cut in its upper end forms a 
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brace for the conduit end. A plumb bob, P, is arranged to 
hang down from the apex of this notch to enable the wireman 
to determine whether or not the extending end, FL, of the 
conduit lies plumb. If it does not it can be rebent accordingly. 
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160. The Straightening Of Bent Conduit is a subject of 
economic importance. On every job a certain amount of 
conduit is bent incorrectly. Such material may, unless the 
situation is watched closely, be thrown away or hidden and 
thereby its value lost. This statement is of particular impor- 
tance where the conduit is of large diameter. Thus the 
installation of a straightening machine may be justified, in 
large shops or for large jobs. With this machine bent pieces 
of conduit can be straightened at minimum cost. 


Nore.—Ir Is Usuatty Cueaper To SrraiGHTeN Conpuir Wir A 
PoweEr-OrEerAtnD Macuine, located in a properly fitted shop than 
it is for the wiremen to endeavor to straighten the conduit on the job with 
improvised apparatus. The straightening can often be done on rainy 
days or at odd times when the men would not be otherwise employed. 


161. The Principle Of Operation Of A Straightening 
Machine can best be understood by describing the construc- 
tion. So far as it is known, no manufacturer regularly makes 


Py 
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a pipe-straightening machine, hence each concern must 
construct its own. Two of these straightening machines are 
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Fie. 279.—Showing how an old rock crusher was modified into a pipe straight- 
ening machine. 
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Fig. 280.—Details of the ram “G@” in the straightener of Fig. 279. 


shown in Figs. 279 and 281. Details are shown in Figs. 280 
and 282. Both of these machines were assembled out of old 
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rock-crusher parts. Each device consists primarily of a ram 
or plunger which is slowly oscillated longitudinally to or fro 
by a crank or pitman. The conduit to be straightened is 
held, by suitably-arranged stops, in front of the ram in such a 
way that, as the ram comes forward, it pushes against the 
‘bend in the conduit and straightens it out. 


Curved Strop- 


Fi Wheel~. 
Steel Pleces = 
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Fig. 281.—A readily-arranged power-driven pipe straightener. The reference 
letters refer to Fig. 282. 


Notr.—In AssEMBLING THE STRAIGHTENER of Fig. 279 the toggles, 
jaw, and jaw plates were removed from the rock crusher. The frame, 
pitman, C, its shaft and eccentric, the driving pulleys and the fly-wheels 
were retained. A plate of metal, B, was fastened to the top of the 
frame upon which the pitman, C, could work back and forth. Two 
guides, H, were bolted over the top of the pitman to prevent its moving 


Bolt Holes. 
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Fie. 282.—Some details of the straightener of Fig. 281. (Ram, C, isa 
hollow cylindrical piece of steel which is internally threaded so that piece, G, 
with its head, H, will turn in it.) 


upwardly. Then the ram, @ (detailed in Fig. 280) was arranged to move 
in two guide plates, F and F, each of which was 6 in. high and 1 in. 
thick. The ram was turned from a piece of shafting, with a screw thread 
on one end and a flange, having a fin extending from it, on the other. 
The fin is provided to engage in the slot in the pitman as shown in Fig. 
279-III, At the left end of the ram a screw thread was turned to 
accommodate the checknut, 7, and the internally threaded sleeve, J. 
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The head, K, is fastened to the sleeve by an internal thread (Fig. 280). 
A spring, H (Fig. 279), is provided to insure the return of the ram, when 
the pitman is drawn to the right-hand position. The strap steel forg- 
ings, L, hold the conduit while it is being straightened. 

Notre.—A Simpte Conpvurr-SrraigHrentne Rack is shown in Fig. 
283. This straightener works on the same principle as the conduit- 
bending racks. All that is required for its construction is a chain or 
rope tackle and some timber members. 
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Fre. 283.—Straightening con- Fig. 284.—Running thread joint used for 
duit with a differential block. connecting bent conduits. 
Conduit may be bent with the 
same equipment (Popular Me- 
chanics). 


162. After The Conduit Is Cut, Threaded And Formed To 
The Desired Contour, it is ready to place in the run. How- 
ever, before placing the conduit in the run, it is good practice, 
when it contains no bends, to again sight through it (Sec. 122) 
to see if any burrs now project from its ends (Fig. 170). 
Plain couplings (Fig. 250) are, except as noted below, used for 
joining rigid conduit. Where a piece of conduit has to be 
inserted in a run, or when bent conduit must be joined (Fig. 
284) special couplings, as described in Sec. 58, or running 
threads must be used. Running threads being cheaper to 
install than special couplings are very frequently employed 
for this purpose. They are, however, not so satisfactory in 
moist places nor in concrete, since they are not waterproof. 
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This disadvantage may be at least partially eliminated by 
packing the joint with asphaltum. 


Lock Nut 


Conduit End- 


: " sCoupling-7 
Fie. 285.—Running thread before conduits are joined together. 
Norr.—To Make A RunniING THREAD Jornt (Fig. 285), the thread on 


one length of the conduit is cut sufficiently long so that the entire length 
of the coupling together with a locknut can be screwed on it, while 


--Coupling 


Lock Nut--~ 


“Conduit 


Fia. 286.—Running thread joint complete with locknut. 


the adjacent piece of conduit is being fitted into position. This adjacent 
length has the usual short length of thread. After both lengths of con- 
duit are in position, the coupling is turned until it wedges up tightly on 


I'1q. 287.—How a locknut may be made from a piece of conduit coupling. 


the short thread. The locknut is then abutted firmly against the 
coupling (Fig. 286), to hold it securely in place, as it is apt, because of 
the long thread, to fit loosely on the conduit. A short piece cut from a 


Frq. 288.—A neat form of running thread joint. 


coupling may be used instead of the standard locknut (Fig. 287). Where 
a neat job is desired, the rounded end of the standard coupling may be 
sawed off (Fig. 288) so that the surface of the improvised coupling locknut 
and that of the coupling will lie flush. 


ane 
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Nore.—WHeEN JoInING FLEXIBLE Conputr either to rigid conduit or to 
another piece of flexible conduit, box connectors and a rigid-conduit 
coupling can be used (Figs. 289 and 290). The flexible conduit couplings 
(See. 59) are also employed for this purpose but are generally not as 


satisfactory. 


Rigta- Condu/t 
Coupling... 
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Connector... 


“Flexible 
Conduit 


Fig. 289.— Joining flexible conduit 
to rigid conduit by using a panel-box 
connector and a rigid-conduit coup- 
ling. 
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Fre. 290.—Joining two flexible- 
conduit ends by using two panel- 
box connectors and a rigid-conduit 
coupling. 


163. Conduit Ends Should Be Plugged Or Closed (see 
Sec. 61), after installation and prior to the installation of the 
conductors, to prevent foreign materials from falling into 
the conduit and clogging it. Wooden plugs, discs and bush- 
ings (Fig. 35), or closed bushings (Fig. 33) may be used for this 
purpose. Closed bushings are in most cases the best to use. 
They have the advantage over discs and bushings, in that the 
bushings do not have to be removed when the conductors are 
to be pulled in. They cannot be left in a conduit when the 
run is continued and thus block up the raceway as the wooden 
plugs sometimes do. 

164. Additional Holes Often Have To Be Made In Steel 
Boxes to allow conduit runs, which were not originally contem- 
plated, to enter the boxes. Such holes can be cut by some one 
of several different methods. The most common method is to 
cut out the hole with a cold chisel and a hammer, using a hard- 
wood block, under the sheet metal, to cut on. ‘This method 
batters up the box and does not provide a neat looking job. 
Another way is to drill in the box (Fig. 291) a circle of holes, 
the circle having the same diameter as the hole required, and 
then to knock out the dise which is thus formed with a hammer. 
The projections remaining (Fig. 291-7V) may or may not be 
filed away. A quicker and easier method (Fig. 292), if the 
sheet metal is not too thick, is to use a round steel punch, 
which has its end ground off squarely, of the same size as the 
hole desired. Then if the box is supported flat on a hardwood 
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block directly under the hole location and the punch i is prop- 
erly placed (Fig. 292), a clean hole can be made with a moder- 
ate blow of the hammer. The end grain of the block must be 
used to punch on. Various sized punches must be used for the 
different sized holes. 


I-Hole Located in Box. 


Center Punch Marks 


Il-Center Punch Marks. II- Holes Drilled. 


Not Necessary to 
Finish Off Always, 


F 
W- Disk Knocked Out. V- Projections Filed Off 
(Hole Complete) 


Fiq. 291.—Showing how to make a large hole in a steel box by drilling smaller 
holes therein. 


Norse.—A Types Or Commerciat Hote Currine Device is shown in 
Figs. 293 and 294. This tool, known as the ‘‘Jiffy Adjustable Cutter, ”’ 
will bore a clean annular hole in a short time. A 1%- or 2-in. hole for 
conduit can be eut in a sheet steel conduit box of 12 to 16 gage in less than 
5 minutes. A 3-in. hole has been cut through 16 gage steel in 3 minutes 
but this speed might not be attained 
continuously. The cutter is made 
in three sizes, each of which is ad- 
justable so as to cut holes of various 
diameters; with the three sizes, holes 
, from 114 in. to 6 in. in diameter 
‘J Cabiner can be cut. Special knives can be 
obtained which will cut material from 
Fia. 292.—Punching hole in a steel 1¢ jin, to2 in. in thickness. In using 

Cahines with & steel punch. the cutter, a 3¢-in. hole must first be 
drilled through the box into which hole the guide is inserted. The lower 
nut must then be tightened so that the knives are held firmly against the 
surface which is tobe cut. The knives are easily adjusted for a hole of any 
diameter up to the capacity of the cutter. The ratchet wrench is then 
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attached. The knives are rotated thereby on the surface which is to be 
cut and sufficient pressure is exerted on them by screwing down the 
knurled nut. _ This forces them to cut the material. 


Adjusting 
Screw-, 


Fig. 293.—The “Jiffy”’ adjustable cutter. 
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Fiqa. 294.—Close up view of Jiffy 
Cutter showing method of tight- 
ening knives. 


Extension Piece’ 


Fia. 295.—Showing how vise may 
be used to hold an outlet box. The 
extension piece may be made from 
3¢ in. round reinforcing steel. 


165. Holes In Conduit Boxes Often Have To Be Enlarged.—- 
This can be done by gripping the conduit box in a vise (Fig. 
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295) and reaming out the holes with a pipe reamer. Holes 
in cabinets (Fig. 296) may be enlarged similarly. For cast- 
iron conduit fittings and boxes, when extra hard ones are 
encountered, it is well to anneal them before reaming. To 
do this heat the box to a high 
temperature in a forge and then 
cover it with fine coal dust and 
allow it to cool slowly. 


ox.’ 


Fie. 296.—Enlarging a knockout Norm.A ConpvuIT SMALLER THAN 


hole in a cabinet with a reamer. Tue Knocxout Hote In THE Con- 


puir Box must often be used. Then when conduit boxes with 34-in. 
knockouts are used, it is frequently necessary to run }4-in. conduit 
into one of the knockout holes. The %-in. conduit can be made per- 
fectly secure in a 34-in. knockout hole (Fig. 297) if two large washers, 
which have the holes in them reamed out to proper diameter, are used, 
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Fig. 297.—Method of fastening a ‘Fie. 298.—Method of fastening a 
114-in. conduit in a 34-in. knockout 34-in. conduit in a 1-in. knockout 
hole. hole. 


one on each side of the box, with the regular locknut and bushing. Also 
a 34-in. conduit may be secured to a conduit box which has 1-in. knockout 
holes (Fig. 298) by screwing the conduit into a 34-in. coupling, threading 
the coupling with a 1-in. male thread, and then fastening the coupling to 
the box with a 1-in. locknut and bushing. 


QUESTIONS ON DIVISION 4 


1. What tools are required for the manipulation and installation of conduit? Should 
good tools be used? Why? 

2. Where should the vise for a conduit installation belocated? What factors should 
be considered? 

3. Describe and make a sketch of a method of fastening a vise to a column. 

4. What are portable vise stands? State their advantages over an ordinary sta- 
tionary vise. For what types of installations is it particularly adapted? 

5. Make a sketch of three methods whereby a bench vise can be converted into a 
pipe vise. 

6. Make a sketch of an improvised pipe vise made from conduit materials. 

7. Describe and illustrate with a sketch the method of measuring the length of con- 
duit to connect two fittings, 
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8. Describe the method of measuring the length of conduit required to connect an 
existing fitting with a new fitting to be located in a parallel existing run. 
9. Describe the graphic method of determining the length of conduit required to 

connect two 45 deg. fittings. 

10. Explain how a small triangle may be used for locating the center of the pipe hole 
of a fitting. 

11. State how the length of conduit required for a U-bend may be determined. 

12. Describe the six-foot rule method of measuring an angle in a confirmed space. 

13. Show how a two-foot rule can be used for laying out and measuring angles. 

14. State the procedure which should be followed in cutting conduit. 

15. What tool is generally used for cutting small-sized rigid conduit and describe how 
it should be used? Should an ordinary pipe cutter be used and why? 

16. What tools may be used for cutting large-sized conduit? 

17. Describe the method of cutting flexible conduit. 

18. Why should the ends of conduit be reamed? What tools are generally used? 

19. Give the general method of threading rigid conduit and describe the operation 
fully. State the points which must be observed to obtain a good thread. 

20. When are power therading machines used and what are their advantages? De- 
scribe the portable power drive. 

21. Describe a method of making short nipples. 

22. What type of wrench is most frequently used for conduit installation? 

23. Explain the method of using a stillson wrench. 

24. State the advantages of the chain wrench. 

25. Describe several ways in which a monkey wrench may be used as a conduit 
wrench. 

26. Name four classes of conduit benders and explain each. Give the applications 
of each class. 

27. When is a conduit hickey used and what are its advantages? 

28. Enumerate three kinds of improvised hickeys and state which is the most com- 
monly used. 

29. What are the disadvantages of the pipe-tee hickey? 

30. Give two types of commercial hickeys and describe each. 

31. Draw a sketch of and explain the construction of an improvised bending rack for 
large conduits. 

32. Show how a bending rack may be constructed from two blocks, two cleats, or 
two pulleys. 

33. Illustrate the principle of operation of a twin-spool bending rack. Draw asketch 
of a twin-spool rack for forming short-radius bends. 

34. Explain the operation of a shaft-and-ring conduit bender. 

35. Show several ways in which a block and tackle may be used in connection with a 
bending rack. 

36. How can a pipe-tee hickey be used as a conduit bending rack? 

37. Give the general construction of pressure benders. 

38. Enumerate the advantages of the roll bender. For what work is it particularly 
well adapted? 

39. Draw sketches of three different types of improvised roll benders. 

40. Describe the Pedrick bending machines and their operation. 

41. Describe the method of making a right-angle bend with a hickey. With two 
hickeys. 

42. Show how a short radius bend can be made in conduit. 

43. Describe the method of making parallel bends. 

44. How may short-radius end bends be made? 

45. Describe two methods of forming offset bends. 

46. Give a method of forming a number of duplicate bends with a roll bender. 

47. Describe a method whereby uniform double bends may be made. 

48. Explain the principle of operation of a straightening machine and describe the 
construction of one made from a rock crusher. 

49. How may rigid and flexible conduit be connected? 

50. Explain several methods of forming holes in steel boxes. 


DIVISION 5 
INSTALLING CONCEALED CONDUIT 


166. Concealed Wiring Should Be In Conduit when it is 
installed in masonry construction of any sort such as brick, 
concrete, or terra cotta (hollow building tile). In certain 
localities where building ordinances so require it, concealed 
wiring in wooden-frame construction must also be in conduit. 
The procedure in the installation of concealed conduit in 
buildings of the different types of construction varies some- 
what. It is the purpose of this division to present the pro- 
cedure and methods employed in installing concealed conduit 
in buildings of these various types. 

Nore.—In ConcEaLeED Conpuir Work, Att Conpuir Boxes Must 
Bs “Accrssiste.”’ They must be in such places that a wireman may 
gain access thereto without damage to any part of the building. Thus, 
junction boxes may be installed in an attic that has sufficient head room 


but which is reached only by a portable ladder and a permanent hatch 
(National Electrical Code). 


167. The Thickness Of Plaster And Of Lath And Plaster 
should be known by the wireman when he is installing conduit 
boxes in roughing in. Formerly the total thickness of the 
lath, the rough plaster and the finish plaster coats averaged, 
probably, in the neighborhood of 1 in. But modern practice 
is to put the coats on as thin as possible. Consequently, 
they seldom if ever have a total thickness greater than % in. 
and they usually are about 34 in. thick. The rough and finish 
coats of plaster which are ordinarily applied on terra cotta 
tile or on concrete surfaces are respectively about 5 in. and 
1¢ in.; this gives a total thickness for both of about 34 in. 

168. In Installing Concealed Conduit In Concrete Buildings 
With Wood-Covered Floors, either of two methods may be 
employed (1) Placing the conduit and boxes before the concrete 
floor slabs are poured. (2) Making provision for placing the 
conduit and boxes after the floor slabs have been poured. The 
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Fre. 299.—Method of providing space for later placement of conduit in build- 
ing which has wooden floors on concrete slabs. 
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Fre. 300.—Final position of conduit and outlet box in hole provided as shown 
in Fig. 299. 
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Fre. 301.—Another method of placing conduit and outlet box in the hole pro- 
vided in Fig. 299. This method avoids sharp bends in the conduit, 
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Fra. 302.—Thimble which may be used instead of the block shown in Fig. 299. 
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first method is, in general, the better and is recommended for 
cases where it may be employed. If, however, the wireman is 
unable to attend to a certain job until the concrete workers 
are nearly ready to proceed with the pouring, or if some other 
reason requires it, wood blocks (Fig. 299) may be fastened to 
the form boards at the outlet locations so that the conduit and 
box may be later installed as shown in Fig. 300 or as in Fig. 
301. The wood blocks should, at the lower ends, be somewhat 
larger than the size of the outlet boxes and should have a good 
taper. A sheet-iron thimble (Fig. 302) may be used to form 
the hole in the concrete instead of the block if desired. 


Finished Floor-. 
SS ay ‘oe 


/ ts Me 
ah. Wood Form 


“Outlet Box 
I'ie. 303.—Position of conduit and box in floor. Conduit placed before pour- 
ing of floor slab. Compare with Fig. 300. 


Notre.—PLAcEMENT Or Conpuit AND Boxrs BrrorE Pourine Is 
GENERALLY More Economicat than method (2) above. Cases might 
arise, however, when method (2) would be more economical than method 
(1). So far as the ceiling outlets themselves are concerned, it isevident 
that providing spaces with wooden plugs or thimbles is just so much 
superfluous work. Furthermore, much sharper bends are required 
with this method than when the conduit is placed before the pouring of 
the slabs (see Fig. 303). 

169. In Running Conduit In Concrete Floor Slabs, The 
Following Rules may safely be employed: (1) Always place 
conduit gust above the lowest reinforcing rods, or in the same 
plane if the conduit runs parallel to the rods and is no larger 
in diameter than are the rods. (2) Try to limit the conduit 
size so that its outside diameter is not more than one-fourth 
or one-third the thickness of the slab. (3) Try, where possible, 
to run the conduit parallel to the reinforcing rods in slabs which 
have one-way reinforcement. (4) Run all conduits which 
must be at right angles to the reinforcement, along the center of 
the slab. That is, if a slab is supported from beams, run the 
conduit half-way between the beams; not near one beam. 
The conduit may, however, be run within the beam. 


Notr.—Lirrte Is Known Concerning Tue WrakeENING ErrFec7, 
Ir Any, Or Conpurr IN Concrern Construction. To determine the 
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effects would require experiments. The rules of Sec. 169 above, how- 
ever, are based on the principles of concrete design and may be safely 
followed. They are so formulated that conduit installation in com- 
pliance with them will not weaken the building construction. 


170. The Method Of Fastening Conduit Boxes To Rigid 
Conduit is shown in Figs. 304 to 307. First, assuming that 
the conduit is threaded for about 14 in. from its end, a locknut 


: _--Outlet Box 


Locknuf, 
: _--Locknut 


Conadurt 


AA Ky nockout 
— Punched Out 


Fie. 304.— First step, box hole knocked Fra. 305.—WSecond step, conduit end 
out and locknut run on conduit end. in hole and bushing on conduit end. 


is screwed onto the threads as far as it will go (Fig. 304). 
Next see that there are no burrs or bits of enamel around the 
knockout hole in the box. Then the conduit end is inserted 
into the knockout opening of the conduit box and the bushing 
is started onto the thread (Fig. 305). After the bushing 
is screwed on as far as it will go (Fig. 306), the locknut is 
screwed back toward the box until the box is held firmly 


-- Box 
-Locknut 
Con 


d Condlurf:-* 
“Locknut 


~--Box 


Fig. 306.— Third step, bushing set up Fig. 307.—Fourth step, conduit 
tight on conduit end. pulled back until bushing bears on 
box side and locknut set up tight. 


between the locknut and bushing (Fig. 307). Should it 
become necessary at any time, to leave the bushing standing 
away from the inner surface of the box (as in Fig. 308), the 
fastening should be made secure by inserting an additional 
locknut inside the box as in Fig. 309. Wiring inspection 
departments in certain cities require the use of two locknuts 
in every case. 
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Norg.—Tup Connection Or Tue Conpuir To Eacu Conpuir Box 
Must Be Execrricatty Continvovs.—To insure this condition, the 
locknut and the bushing, or both locknuts if two are used, must set up 
snugly against the metal of the conduit box. In certain cities the 
inspection departments require that the enamel must be scraped from 


.- -BOx 


_---Locknuts 


4 
“eH il 


LU conduit" 
Ni | *<- Bushing 

Fia. 308.—Conduit cut too long; Fie. 309.—Proper connection be- 
improper connection between conduit tween box and conduit when con- 
and box (see Fig. 309). duit is cut a little too long. 


painted boxes around the knockout hole so that the locknut and bushing 
will make good metallic contact with the box. 


171. The Methods Of Fastening Conduit Boxes To Flexible 
Conduit are shown in Figs. 310 to 313. After cutting off 


Locknut 


“s-Flexible Conduit’ Connector-" “Setscrew 


Connector-” ri Flexible Conduit-” 
Fig. 310.—First step, connectorready Fra. 311.—Second step, connector 
for insertion over conduit end. clamped on conduit end. 


the conduit squarely to the proper length and reaming the 
end, a connector should be slipped over the end as far as it 
will go (Fig. 310). The connector should then be screwed 
<<--Outlet Box 


---Outlet Box 


a flexible Conduit 
Behe es 


«Flexible Conduit 
yy ne 


' “-Connector 
YLocknut 


Fria. 312.—Third step, connector Fre. 313.—Connecting flexible con» 
inserted into box hole with shoulder duit into a box. Fourth step, locknut 
of connector bearing against box side. on inside of box set up tightly. 


or clamped tightly to the conduit (Fig. 311). Next see that 
there are no burrs or bits of enamel around the knockout 
hole in the box. Then insert the connector into the box (Fig. 
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312) and screw a locknut onto it until it fits snugly against 
the box (Fig. 313). Then screw on a bushing (unless the 
connector is of such type as does not require a bushing). If 
desired, the locknut may be placed outside of the box and 
only the bushing inside as shown in Fig. 314. When an 
elbow-clamp connector is used, the finished connection appears 
as shown in Fig. 315. 


“Ne----Flexible Conduit 
Outlet Box~. 


OckKnuy | Ve. 


¢ Conduit 


uy =~ .connector 
~~ Bushing 


Clamp 
y. Connector 
“-Outlet Box 
_ Fie. 314.—Showing connection of Fic. 315.—Elbow-clamp con- 


flexible conduit to an outlet box, using nection between flexible conduit 
a bushing and locknut on the connector. and an outlet box. 

172. Conduit Boxes May Be Fastened To Forms For 
Concrete with nails (Fig. 316) or with wires, or screws (Fig. 
_ 317). Each box should be held firmly to the boards so that 
it cannot fill with concrete. If the concrete should flow 
under the conduit boxes while it is being poured, the boxes 
and sometimes the conduit will be filled with concrete and, 


ho 
Form ~-Nails Broken or 
Removed Clipped off here 


T- Outlet Box Secured to Form. Il- Form Removed. 


Fie. 316.— Attaching outlet boxes to form. 


although they may usually readily be located by the protruding 
nails or wire, considerable time may be wasted in removing 
the concrete from their interiors. 

- Nors.—To Prevent THe Boxes From Finuinc Wire Concrete, 


some wiremen stuff the boxes with crumpled paper before nailing them 
finally to the form boards (see Fig. 326). Some wireman bore a 1-in. 
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hole in the form boards at each conduit-box location so that the boxes 
and conduit cannot fill with semi-liquid concrete; this appears to be 
always a good plan. After the form boards have been removed, the 
protruding hails or wire must be cut off flush with a pair of nippers or 
diagonal pliers. oY 
Nore.—A Pocxrer Compass May Br Usep To Locatr HIDDEN 
Conpurr Boxes which have been accidentally covered with plaster or 


Concrete Column-, 


Fig. 317.—Showing how side outlet boxes may be supported to concrete 
forms. In arrangement J two holes, Hi and Ho, are bored through the form 
boards at the location where the box is to be placed. The box is then tied 
securely by a wire which is twisted at its ends as shown. After the form has 
been removed these wires can be bent off or cut off with a pair of pinchers at 
C; and Cy. In arrangement JJ, a stove bolt is fastened into one of the holes 
in the bottom of the box. The screw should be of such length that B does not 
exceed about 1¢ in. 


concrete. The position of each side and the top and bottom of the box 
can usually be determined by moving the compass around slowly, close to 
wall at the place where the box should be. Move the compass first from 
one side to the other and then up and down. Mark with a pencil each 
course where the compass needle shows the greatest deflection.” This 
method may not be successful where there is reinforcing still in the 
plastered surface. All iron and steel objects should be removed from the 
pockets when using the compass. 


173. Conduit Boxes May Sometimes Effectively Be eld 
To The Form Boards With A Pipe Coupling, Nipple And 
Locknut (Fig. 318). Where the boxes are to be equipped with 
fixture studs this is often an economical method. A hole for 
the nipple is bored through the form at each box location. 
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Irq@. 318.—Conduit box held to form 
with a pipe nipple and locknut. 
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Fig. 319.—A method of attaching a 


fixture stud which is to support heavy 
loads. 


The stud is inserted through 


the center knockout of the box. 


Steel Beam-’ 
320.—Attaching conduit to 


Fia. 
beam. 


Pipe Strap-. 


Form Boards--° 
322.—Conduit held away 
board with nail risers. 
A wire tie is about as satisfactory 
but may cost more in installation 
time than a pipe strap. 


Fia. 
from form 


Form Boards --" 


Fig. 321.—Pipe-strap riser to 
hold conduit from form boards. 
Pipe straps may be less expensive 
than tie wires if labor is expensive. 
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Fig. 323.—Attachment to form 


board with crossed nails and 


through tie wire. 
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The box with the coupling and nipple “‘made up” on the 
fixture stud is put in position on the form, the nipple extending 
through the hole. Then a locknut is screwed up tightly 
against the washer, holding the box securely in position. The 
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Fig. 324.—Attachment with three 
vertical nails and top tie wire. 
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Fre. 325. — Attachment with four Fia. 326.— Showing methods 
vertical nails and tie wire. of supporting conduit and out- 
let box in vertical wall-form. 


conduits must be made up into the box before it is fastened in 
position. At the time of the removal of the form the nipple, 
coupling, locknut and washer are taken down for use on the 
next job. 


Notge.—A Very Strona Meruop Or Arracnina Fixture Strups 
is shown in Fig. 319. The base of the stud lies on the outside, instead 
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of on the inside, of the box. This relieves the stove bolts, which are 
often twisted almost in two in screwing them up, of any stress due to the 
luminaire load. Inspection departments in certain cities require that all 
fixture studs be installed as shown in Fig. 319; the stud shown in Fig. 50 
cannot be installed in any other way. 

Notre.—Tue Conpuir Irsetr Must Frequentity Be Fasrenep OR 
Supprorrep In Concrete Forms 80 as to prevent its being moved by other 
workmen and often to prevent its lying directly against form boards. 
Where conduit passes over steel beams it may be fastened as shown in 
Fig. 320. When steel reinforcing rods are present, the conduit may 
frequently be supported by and fastened to these rods. To prevent the 
conduit from unduly weakening a concrete slab and to permit the con- 
crete to flow under it, the conduit must often be supported at a slight 
distance from the form board. Different methods of supporting conduit 
form boards are shown in Figs. 321, 322, 323, 324, 325, and 326. Often, 
if they are available, pieces of stone, brick or hollow tile may be used to 
hold the conduit away from the form board. 


174. Outlet-Box Hangers Should Be Provided, When A 
Heavy -Luminaire Or Ceiling Fan Is To Be Supported From 
The Box, as is suggested in Figs. 327 and 328. The nipple 
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Fre. 327.—An improvised conduit-box hanger to be used where a heavy fixture 
is to be supported. 


should, preferably, be of 14-in. pipe. It may be “bushed”’ 
up or down as is necessary to take the fixture stem, by using a 
pipe-fitting reducer. The nipple should extend down to the 
bottom of the conduit box so that the reducer can be screwed 
on readily with a pipe wrench. Where the floor is sufficiently 
thick, the nipple should be longer than indicated in Fig. 327, 
so that the crosshead will lie well toward the surface of the 
slab. See also Sec. 65 on conduit-box hangers. A hanger may 
be improvised on the job as shown in Fig. 329. 


Norz.—Ovriet-Box Hancprs SHovLD Be AssEMBLED IN Tur SHOP 
complete so that they can be attached to the box on the job with a 
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minimum of labor. If an endeavor is made to assemble them on the 
job, the small parts are liable to be lost. 
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Fie. 328.— Thomas & Betts conduit- Fig. 329.—Improvised conduit- 
box hanger arranged for a heavy- box hanger having a_ perforated 
fixture outlet. strap-iron crosshead. 


175. The Use Of Pipe Elbows Instead Of Conduit Elbows 
Or Bends (Fig. 330) is permitted in concrete floor slabs by 
many inspection departments when there is insufficient room 
in the concrete for the installation of the standard elbows or 
bends. If the pipe fittings are used, they should be galvanized 
and have all burrs and pins removed. However, where con- 
ditions permit, a box located in the lower face of a beam may 
be installed by using standard bends as in Fig. 331. 

Conduit. 


ae 


Concrete Floor Slab, ,T-beam 
ae en ae 


Galvanized-lron 
Pipe Elbow --~._ 


Outlet Box--” 
Frq@. 330.—Pipe elbows used under an I-beam where space is restricted. 


176. A Method Of Supporting Conduit Boxes In Steel 
Concrete-Columns Forms is shown in Fig. 332. After the 
steel forms have been erected, but before the reinforcing steel 
has been placed in them, the conduit box is set in the required 
location against the side of the form, the feed conduit being 
made up into the box. Then the box and the conduit are 
wired (Fig. 333) to the form. It is necessary to drill small 
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holes through the sheets of the metal forms with a small- 
diameter drill to permit of the tie wires being placed. A hole 
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Fic. 331.—Outlet box installed in restricted space, conduit bends of standard 
radius being used. 
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kya. 332.—Setting conduit outlet box in concrete column. 


an eighth of an inch (4g in.) in diameter is of ample size. 
As a caution, great care should be taken, especially for boxes 
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on vertical surfaces, to insure that the conduits in the boxes 
are firmly fastened in the form so that there cannot be shifting 
in the form when the concrete is being poured and so that the 
concrete cannot leak in. It is always a wise precaution to 
stuff vertical boxes full of paper. 
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Fia. 333.—“ Close up’”’ of conduit box wired to column steel form. 


177. Vertical Runs Of Conduit In Concrete Buildings, 
especially large conduits, are frequently set in chases (Fig. 334) 
or in wire-shafts. It is not customary to install the main 
risers which are of large-size conduit, until all of the concrete 
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Fie. 334.—Showing method of forming chases for conduit risers. 


work on a building is finished. To provide a vertical space for 
these risers architects often provide wire-shafts or pipe-shafts 
(the plumbing pipes frequently occupy the same shafts). 
When no such shaft is provided, or if provided but not con- 
veniently located, chases (Fig. 334) are frequently built into 


Sec. 177] INSTALLING CONCEALED CONDUIT 205 


the walls for the conduit risers. It is the wireman’s duty to 
see that chases, shafts, or equivalent conduit ways are provided. 


Norr.—Ir Suarrs Or Cuases Have Nor Breen Provipep For 
Riser Conpuits, VerTIcAL Hotes May Br Cast In Tue Fioor Subs 
For Tuem (Fig. 335) as the building construction proceeds. Drilling 
holes through finished floor slabs is very expensive. Furthermore, in drill- 
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Fie. 335.—Riser-hole forms for conduit. 


ing, steel reinforcing may be encountered. This may necessitate the 
enlargement of the hole or the drilling of another, which will throw the 
riser from the vertical. Sheet metal downspout pipe may be employed 
as shown for riser-hole forms. 

Notr.—WHERE ConcRETE STEEL-REINFORCEMENT OR STRUCTURE 
STEEL Framine Must BE Curt, to permit the running of conduits, either 
the electric-are method or the oxyacety- 
lene method of cutting may be eco- 
nomically employed. The following 
(from Popular Mechanics) describes 
an improvised electric are outfit which 
was used by William Morton of 
Wheeling, W. Va., for cutting rein- 
forcing steel. 

Electric Arc Method. I used to limit 
the current a grid starter designed 
for a 25-hp., direct-current motor, 


current-Limiting Rheostat, 


-125-Volt D.C. 
Mains 


Concrete 
Floor Slab 


connecting it to the 125 volt direct- 
current mains, as shown in Fig. 
336. I grounded, on the concrete 
floor, one side of the circuit. To | Fic. 336.—Removing a reinforc- 
the end of the wire from the starter 1™8-steel obstruction with an clec- 
Se OLIC ATC: 
rheostat, I connected a large electric 
are carbon, to serve as the flame electrode. Using a pair of chipping 
goggles, smoked on the outside to protect my eyes, I applied the carbon 
electrode to the reinforcing rods, which were burned out after a short, 
time. The current drawn from the mains was about 125 amp. The 
motor starter was not dangerously overheated. 
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The Oxy-acetylene Method is described by Gordon Fox in Power Plant: 
Engineering for March 1, 1918. To avoid excessive bending and its 
attendant high cost and pulling-in difficulties an oxy-acetylene torch was 
purchased. Holes were burned in beams, gusset plates and other members 
so as to allow the conduits to pass directly through them. Care was 
exercised not to materially weaken the members; holes in beams were 
burned only near the center of the web. The electric drills soon became 
idle; the torch was used instead for burning holes for U-bolts and J-bolts 
which were employed for supporting conduits and brackets. A great 
saving in installation cost resulted. Also, knockout holes for conduits 
were burned in the steel cabinets. Later, all cabinets were purchased 
without knockout holes.’ The torch was used in the field for burning all 
of the holes, just where they were required. The torch was also used for 
heating heavy lugs for soldering large cables in them; thereby much less 
time was required than if a blow torch had been used. 


178. A Method Of Installing Ceiling Outlet Boxes In 
Hollow-Tile Arches is illustrated in Figs. 337, 338, 339 and 340. 


Notches Cut In Sleepers For Reception Of Condutt — 


Hollow Tile-’ Cement 
Fig. 337.—Installing a ceiling-fixture outlet box in a hollow-tile floor slab in a 
building under construction. First step, holes made through the tile. 


Immediately after the forms and falsework are removed but 
before the sleepers (screeds) for the floor are laid, the ceiling- 


a 


Conduit t' Pipe Or Rod. _-F Hanger Conduit 


~--2 Pipe Hanger Stem 


Ira. 338.—Second step, conduit bent and fitted into place and T hanger in 
position. 5 


outlet locations should be determined. Holes should then be 
punched in the tile (Fig. 337) for the conduit and for a T- 
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hanger. The holes may be punched with a star drill or with a 
cold chisel. A T-hanger may be made by screwing a long 
conduit nipple into a solid pipe ring and then slipping a scrap 
piece of conduit through the ring. The conduit is then bent 
to the proper shape to fit the outlet box (Fig. 338). A shallow 
(34 in.) outlet box is then fastened to the T-hanger by two 


THanger, a Conduit &i deeper 


SSE 


=< -cutlet Box ? Deep 


Fig. 339.—Third step, shallow outlet box clamped in place with lock nuts. 


locknuts and the conduit fastened by locknuts and bushings 
(Fig. 339)’as described in Sec. 170. The openings above the 
box should then be filled with chips of tile and concrete so as 
to make a solid layer of concrete and tile above the box 
(Fig. 340). 


Notr.—A Meruop OF Insrauuinc Conpuir In Terra Corra AND 
“CoNncRETE-JoIsT’’ FLooR Suass is shown in Fig. 341. This method is 


Bits OF Tile 
In Concrete (i 


Outlet Box 17 
Locknuts --°*~* 


Fic. 340.—Fourth step, openings in tile around top of box filled in with 
concrete and bits of tile. 


principally used in construction where the tile is first placed into forms 
and later concrete is poured over and between the tile. Shallow round 
outlet boxes (with ears) are placed at the proper locations for all ceiling 
outlets, the boxes being fastened to the upper side of the form boards as 
shown in Fig. 341. If a box comes at a place where a tile will be placed, 
the tile is broken away to make room for the box. With the shallow 
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boxes, the fixture studs project beyond the face of the boxes; hence 
holes must be drilled through the form boards to make space for the 
fixture studs (Fig. 341). After the form boards are removed, the desired 
cover is placed on the box before plastering is begun. 
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Fie. 341.—Showing method of installing a shallow box in a tile-and-concrete 
floor slab. 


179. A Method Of Supporting Ceiling-Outlet Boxes In 
Suspended Ceilings is shown in Fig. 342. The flat or channel 
section iron strip to which the box is bolted should be of 


Supporting Rod. 


|| Outlet Box 
A’ Z 


Stove Bolts, 


Lothers <= 
Te Wire. 


7”Flot Iron Strip To 
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Fie. 342,—Showing method of supporting outlet boxes on suspended ceilings. 


sufficient length to span the small channels which form the 
framework of the ceiling. 


Norr.—It Ortmn Pays To AsspemMBLE On Tue FiLoor Conpurir Runs 
Wuricu Wii Br PLAcED ON SusPENDED Crritincs Brrorr Tap Crininc 
Is Huna. This is particularly advisable for such long runs as those 
which serve corridors and the like. The assembling can be done much 
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more readily on the floor than in the small space above the ceiling. If the 
wiremen cannot remain on the job to place the conduit run as the lathers 
hang the ceiling, they can sometimes effect a deal whereby the lathers 
themselves will raise the assembled run to approximately its proper 
position. 

180. A Method Of Installing Switch Boxes In Unfinished 
Fireproof Walls Or Partitions is illustrated in Figs. 343, 344, 
345 and 346. When the ceil- 
ing outlet box for the fixture 
which is to be controlled by a 
certain switch is being installed, 
a piece of conduit: is run hori- sie a 
zontally in the ceiling slab from 
the box to the location of the Fie. 343.— Horizontal run of 
wall or partition which is to conduit from ceiling outlet turned 
contain the switch. The end saab ler doegaee sla got eS 
of the conduit (being threaded) 
is bent downward so as to project from the floor slab (Fig. 
343). After the floors are completed, a piece of conduit of 
the proper length and threaded at both ends is coupled to the 


Ceiling Outlet 


Location OF , 
Partition= ~~ 


Conduit. se 
F1a. 344.—A piece of conduit cut to the Fia. 345.—The switch box 
proper length and threaded on both ends is secured to the conduit with 
is coupled to the short conduit which pro- _locknuts and bushing. 
jects from floor slab. 


projecting end of the conduit previously installed (Fig. 344). 
A switch box is then fastened (as directed in Sec. 170) to the 
lower end of this conduit as shown in Fig. 345. The end of 
the conduit is then plugged (Sec. 61). 
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Norr.—Ir Is Sometimes Necessary To Support Switch Boxes 
Anp Sion Ovuriet Boxes Tremporarity until the wall or partition is 
built. One way of thus supporting the switch box is shown in Fig. 346. 

Another method, which has been used by 
the L. K. Comstock Co., is shown in 
Fig. 347. 

; Note.—To Retocate A BRACKET- 
ithe Aes OutLteT Conpuit In A ParTITION, as 
ae sometimes is necessary when the conduit 
end, which is dropped from the floor 
above to feed a bracket outlet, is incor- 
rectly placed (as shown in Fig. 348-/) 
proceed as follows: The error may be 
remedied by chipping away a small sec- . 
tion of the concrete (or tile) floor above 
(Fig. 348-77) and extending the bend in 
the conduit so that it will center properly 
in the partition. This operation will, of 
course, shorten the conduit end which 
projects downward. To compensate for 
this, an extension is added to the con- 
duit end by means of a coupling, asin //. 

-' Be careful, however, not to chip away too 
box support to prevent an acci- 
dental change of the outlet box much concrete. 
location. Nore.—TuweE Instatuinc Or An Ovur- 
LET Box In An Existine Tite Par- 
TITION can be effected as shown in :Fig. 349. It will probably be 
necessary to destroy a number of pieces of tile in order to locate the box 
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Fig. 346.—Temporary switch 
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lia. 347.—Flat iron brace used to support side-outlet boxes during con- 


struction. Brace is fastened to box back with a clamp. The braces and 
clamps may be used over and over again. 


at the point where it should be installed. After the conduit and box are 
in position, the cavities from which the tile was removed can be filled up 
with bricks or pieces thereof or pieces of tile. A vertical run ean be 
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Fie. 348.—Relocating bracket-outlet conduit in partition. 
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Fig. 350.—Supporting a ver- 
tical conduit run in a hollow 
tile surface. , 
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supported with either a wooden cleat and pipe strap (A, Fig. 350) or with 
u tie wire as at B. If the conduit must set rather far back, wood screws 
can be set in the cleat to hold it back as at 7. To install the cleat: Place 
the cleat in the notch in the tile, then fasten the conduit to the cleat 
with a pipe strap and wood screws. 


181. Methods Of Supporting Outlet Boxes On Tile-Covered 
Steel are shown in Figs. 351, 352, 353 and 354. Difficulty is 
often encountered in holding outlet boxes rigidly in place on 
steel columns while the tile-setters “fireproof”? a column with 
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tt Ny 
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2in.x 4:in. Wedge See CcnnuTe 
Te Wire’ ~-Outlet Box Tied q 
: to Wood Wedge | Steel Column-’ 
Fie. 351,—Transverse section of Fia. 352.—Elevation of supporting 
supporting block wedged between block wedged between column 
column flanges. flanges. 


tile. The method of Figs. 351 and 352 is for supporting 
boxes between the flanges of steel columns whereas Figs. 353 
and 354 illustrate a method of supporting boxes on the exteriors 
of flanges. In Fig. 351 the wedge should be cut to such a 
length that it will drive tightly between the column flanges, 
thus providing a secure job. In Fig. 353, the box is nailed to 
a block which has been secured to the column flange with a tie 
wire. The conduit (Fig. 354) is also secured with a tie wire. 
Faces of outlet boxes should set flush with the face of the 
tile, or preferably slightly beyond the tile face to allow for the 
plaster. 
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182. A Method Of Supporting Ceiling Outlet Boxes In 
Frame Buildings is shown in Fig. 355. In many cases the 
conduits running to an outlet box can be bent over the floor 
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Fig. 353.—Plan of supporting block Fic. 354.—Elevation of supporting 
held to column with wire. block held to column with wire. 


timbers in such a way as to support the box satisfactorily 
without any special provisions being made for sustaining it. 
But in cases where, because of the fixture being exceptionally 
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Fig. 355.—Method of supporting an electrolier outlet box on pipe fittings. 


heavy or because adequate support is not otherwise feasible, 
an outlet box can be suspended as shown in Fig. 355. The 
lengths of pipe, S and S, are screwed into the malleable-iron 
pipe fitting 7. Also into the side outlet of this fitting is 


214 CONDUIT WIRING [Div. 5 


screwed the pipe or conduit to which the outlet box is sup- 
ported with locknuts. The bottom edge of the box should, 
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Fiq. 356.—Arrangement of ceiling outlet in frame building. 


as shown, lie 34 in. below the edges of the joists to provide for 
lath and plaster. Various forms of special hangers are on the 
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Fie. 357.— Wiring diagram for conduit outlet box. 


market which can be used instead of the improvised hanger 
shown in Fig. 355. 
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Note.—Tue Support Or Tur Conpurr In Frame Buinpinas may be 
as shown in Fig. 356. Where the conduit run is parallel with the direc- 
tion of the joists, the conduit is held to them with pipe straps which are 
fastened to the joists with nails. Where the conduit crosses joists, it 
lies in grooves (see Sec. 183) cut in the upper edges of the timbers. In 
cutting these grooves, two parallel saw cuts are made and the block of 
wood between them is then cut away by using a wood chisel. To hold the 
conduit down in the slots either pipe hooks or nails bent over the conduit, 
as shown in the illustration, may be applied. The wiring arrangement 
for this room is shown in Fig. 357. 


183. When Installing Conduit In Wooden Joist Floor 
Construction, great care must be exercised. Cutting slots in 
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Fig. 358.—Showing methods of supporting rigid conduit in slots in joists 
and on cleats between joists. 
joists, as suggested in the preceding note, greatly weakens the 
joists at the point where the slots are cut. Hence, architects 
and owners often forbid the slotting of joists at points other 
than near the supports of the joists where the full strength of 
the unslotted joists is never needed. In fact, a conscientious 
electrician will not attempt any work which may weaken 
the building. Hence, the distance from the point of joist- 
support (wall or girder) to the slot should be kept as small as 
possible;.often 2 ft. is specified as a limit (see Fig. 358). 
The cutting of slots in joists may be avoided by passing the 
conduit through holes which are drilled through the joists at 
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their centers (Figs. 359 and 360). These holes may be 
drilled just about as Aiwa as the teh can be slotted; the 
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Fie. 359.—Methods of drilling holes in joists for flexible conduit. 
holes weaken the joists very much less than do slots (see Table 
184). When joists are drilled, it is customary to employ flex- 
ible conduit as shown in Fig. 359. 
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Fia. 360.—Showing how rigid conduit can, when it must, be run through holes 
in centers of joists. ° 


184. Table Showing How Much Joists Are Weakened By 
Slots and Holes.—The values Ee are in per cent. 


| 
! Slot at top or bottom of joist Hole at center of joist 
Depth of | ‘ sf 
pe | Depth of joist, inches i Depth of joist, inches 
hole, in. | l | Kt Ges a | ; 
| 8/10) 12) 14) 16 | 18 | 8 | 10 | 12) 14) 16 18 
| ae ES ‘er gt <I 
1 23 .4/19.0)16.0)13. 712. 010.8 0.20.0.10 0.04.0.020.02 
1 34 .2/28.0)/23. 420. 5|17.8 16.0/|0.67)/0. 340.2 00. 120. 08|0.06 
2 43. 8/35 .6 30.5 26.6 23.4 21.1) 1.57|0.80)0. 480. 29'0.20/0.14 
216 58,0149.937.5,32.228.626.0 3.05 051. 560. out 57'0.3810.27 
| | 
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NoTe.—WueEN Sprecirigp Tuar Ricm Conpurr Suaty By Run 
TurovucH Drittep Hours In Tue Cunters Or Jorsts, the installation 
of the conduit becomes difficult. Care must be taken that the holes are 
drilled so as to “line up” quite accurately or trouble may be experienced 
when the conduit is being worked into them. Furthermore, the con- 
duit must be cut into relatively short pieces in order to “enter” into the 
holes. If the holes are drilled approximately the same size as the con- 
duit, the maximum length that can be ‘“‘entered”’ is that between the 
faces of adjacent joists. By drilling one large hole at the end of a straight 
run which is to extend crosswise the joists, however, lengths equal to 
almost twice the joist spacing can be entered, as shown in Fig. 360. 

Exampie.—In a certain job, 144-in. conduit is to be run through 2 by 
12-in. joists which are spaced 16 in. on centers. Since 14-in. conduit 
has an external diameter of 0.84 in., it will require 1-in. holes provided 
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Fie. 361.—Showing method of supporting conduit in a building where furring 
strips are employed. 


that no hole is drilled more than 1¥¢ in. ‘‘out of line.”” It would be better 
to drill 114-in. holes and thus provide more clearance in the holes. With 
1-in. or 114-in. holes, the longest piece that can be worked into the holes 
would be about (16 — 2 =) 14 in. long. If, however, a 2-in. hole were 
drilled at one end of the run, pieces about (32 — 2 =) 30 in. long could 
be worked into the holes. Thus, less than half as many joints would have 
to be made up with the one 2-in. hole as would be required if all holes 
were drilled only 1144 in. By Table 184, a 2-in. hole in a 12-in, joist 
weakens it less than 14 per cent. Hence, no harm could result directly 
from drilling the holes in the center of the joists. 


185. Methods Of Supporting Ceiling-Outlet Boxes In 
Framed Buildings are shown in Figs. 358 and 361. Although 
wooden cleats are most often used for this purpose, various 
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manufactured devices are algo being used. Since they require 
so little time to install, these devices usually make for less 
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Fia. 362.—Austin adjustable outlet-box support. 


cost on a job than using wooden cleats. Furthermore, the 
manufactured devices generally provide a stronger support 
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for the fixtures which will ultimately be hung from the outlet 
boxes. Such devices are shown in Figs. 362, 363, and 364. 
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Fig. 364.—Outlet box holders and their application. 


186. The Installation Of Conduit In Buildings Made Up 
Of ‘Steel Lumber’? or structural pressed steel is illustrated in 
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Figs. 365, 366, and 367. When the pressed steel I-joists are 
used in a floor construction, they are usually covered with 
metal lath onto which concrete is then poured to form the floor. 
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Fre. 365.—Conduits installed in steel Fig. 366.—Ceiling outlet in steel 
“lumber’”’ floor. “lumber’”’ floor slab where wooden 
floor is to be used. 


When a wood-covered floor is desired, sleepers or screeds are 
laid into the concrete to provide a ground to which the wood 
flooring can be nailed. The conduit may be laid directly onto 
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Fie. 367.—Ceiling outlet in “lumber” steel floor slab where concrete floor 
is to be used. 


the metal-lath forms as shown in Fig. 366 or it may be sup- 
ported from the joists by Grabler’s extension bars as shown in 
Figs. 365 and 367. The extension bar may be fastened to the 
I-joists by driving nails between the two halves of the I-joists. 
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Outlet boxes may be supported by wooden cleats placed across 
between flanges of adjacent joists as shown in Figs. 366 and 
367. 

187. A Method Of Fastening Outlet Boxes At Door Bucks 
In Terra Cotta Partitions is shown in Figs. 368 and 369. Fre- 
quently, side-outlet boxes are to be located near some opening 
in the partition, such as that for a door or window. Before 


OO Oe 26%, 
ny Di ia:2t:0 Oily 


B10 ges? 


Fig. 368.— Method of supporting an outlet box from a door buck. 


the placing of the terra cotta, a “buck” or form is arranged, 
as shown in the illustration, around which the terra cotta 
blocks are laid. The outlet boxes are usually temporarily 
supported on bars, C, or strips (Figs. 368 and 369) which are 
nailed to the side of the buck. After the partition has been 
completed, the door buck remains in place, but the bar which 
temporarily supported the outlet box is removed. The 
outlet box may be held to the bar support, C, with either nails 
or with a tie wire as suggested in Fig. 368. The front-face 
edge of the outlet box should lie in the same plane with the face 
edge of the door “buck,” if the door buck is made of the thick- 
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ness of the finished partition (see Fig. 370). The height of the 
outlet box from the floor and its distance horizontally from the 


Fig. 369.—Detail showing support of 
outlet box on board at door buck. 
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Fic. 370.—Wooden support for 
switch boxes in,terra-cotta_ par- 
titions. 


door-buck form, varies for different installations and may be 
determined by consulting the plans and specifications for the 
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a stud partition. 


is cut to the proper length to fit between adjacent studs. 
box is fastened to this cleat with serews or nails, 


Nominal 24" Studdling’ 


371.—Showing method of 
fastening wall-bracket outlet box in 


job in question. After the terra- 
cotta partition has been com- 
pleted, the conduit length, AB 
(Fig. 368) is, of course, im- 
bedded within the partition. 


Norre.—A Mersop Or SUPPORTING 
OutLeT Boxes In Stup PARTITIONS 
is shown in Fig. 371. Although the 
box shown is fitted with a fixture 
stud, the method applies equally 
well to the support of switch outlet 
boxes. A piece of 74 by 4-in. stock 
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Frag. 372. Showing application of the 
stamped-steel switch box holder. 


The outlet 
The cleat is then nailed 
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to the studs at the proper place so that the outer edges of the box (or 
the outer edge of cover if one is to be used) will come flush with the outer 


face of the finished plaster. 


Norr.—PRESSED-STEEL Box Supports (Fig. 372) may also be used 
for supporting outlet boxes at door bucks or between studs. These 
supports are somewhat similar to the devices described in See. 185 and 
have the same advantages. 
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Fig. 373.—Hydraulic conduit-box levelling device being used for locating all 
switch boxes at the same elevation at door bucks. 


188. A Hydraulic Method Of Accurately Locating A Number 
Of Switch Boxes All At The Same Elevation, when the floors 
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and ceilings are too uneven to 
measure from, is illustrated in 
Fig.373. This arrangement per- 
mits of very rapid work where 
many side-outlet boxes, which 
will ultimately le in wooden 
panels or similar locations, have 
tobe roughedinaccurately. Fig. 
374 shows this hydraulic level. 


EXPLANATION.—Assume that a 
number of switch boxes have to be 
installed, each at the side of a door 
buck, and all exactly at the same 
elevation. Proceed as follows: The 
wireman first determines the cor- 
rect height for the switch at one door 
buck, and indicates on the buck with 


Fra. 374.—Hydraulic conduit-box ® Pencil mark this index elevation; 


levelling device. 


A, Fig. 373. The two glass tubes in 


Sec. 189] INSTALLING CONCEALED CONDUIT 223 


the ends of the rubber hose are then brought together as indicated in Fig. 
374, Water is poured into the hose until the level of the water in the 
tubes is at the height of the mark, A, on the index door buck. <A piece 
of tape is then wrapped around each of the tubes indicating this correct 
water level. One glass tube is now held at the index door buck which has 
the switch elevation marked on it, so that the tape mark on the tube 
is on a level with the index mark on the door buck. The water may now 
cither be above or below this tape mark. The other end of the tube is 
taken to an adjacent door buck (B, Fig. 373) where a switch is to be 
located. The end of the tube at B which contains the glass is raised or 
lowered until the water level in the tube at B just reaches the tape mark 
on the tube. A mark is made on the door buck at B at the elevation of 
this tape mark. The switch should be installed at the elevation of this 
mark. 


189. Another Method Of Supporting Switch-Outlet Boxes 
In Terra Cotta Partitions is shown in Fig. 375. This method 
is particularly adaptable to : 
installations where flexible 0632 6rass Stud ig Lo 
conduit is employed. A flat- typ 
iron bracket, F, is fastened 
by screws, B, to the door 
buck. Another flat-iron 
bracket, C, is fastened to a 
4-in. square outlet box with 
two bolts A, and is then 
placed at the proper distance 
from the door buck and bolted 


ng, 


Washer..\/ 


Flexible 
Armored Cable 


‘3x No. 8-32 Round Brass 
Cap Nut 


ie A A 

Partition Line-’ Door Buck-* 

Fre. 375.—Showing bracket used Fig. 376.—Sectional detail on line 
for supporting switch outlet boxesfor AA of Fig. 377 showing socket, box 
hollow-tile partition construction. and conduit in position on tile. 


to F. After the partition is built the screws A and B are 
removed, leaving the box nicely set in the partition. The 
brackets may be used repeatedly on different jobs. 

190. A Method Of Installing Light Outlets On Mosaic-Tile 
Building Fronts (Figs. 376 and 377) was developed by the 
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department of Gas and Electricity, of Chieago, under the 
direction of its chief electrical inspector, V. H. Tousley. 
With this, the difficulties which are ordinarily encountered 
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Glazed Tile’. 


Lo DYN Ra : 
oS Hole 76 Admit. “Slot For Screw 
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8rass Study 
And Nut-* Outlet Box -’ 


Fig. 377.—Detail of oblong hole in Fie. 378.—Front of tile showing 
mosaic tile. outlet box in position. , 


in such work in properly supporting sockets and outlet boxes 
are obviated. If flexible armored cable is used, the installation 


may be made from the outside after the tile (Figs. 378, 379 
and 380) has been set. If rigid conduit is employed, it may 
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Fia. 379.—Rear view of tile show- Fie. 380.—Porcelain socket in 
ing outlet box and armored cable in position over outlet box. 


position. 
be necessary to place the conduit in position as the tiles are 
being set; the conductors and outlet boxes may be installed later. 


ExpLanation.—The electrical equipment which is used is all standard. 
The weatherproof porcelain socket (Fig. 376) which is used has an 
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extended cover, such as is commonly used for ceiling lights. The screw 
holes in this socket fit the standard 4-in. outlet box. The terra cotta tile 
can be furnished by tile manufacturers. The brass extension screws are 
made by the Corbin Screw Co., of North Wells street, Chicago. These 
headless screws are provided with a slotted cap nut and another ordinary 
nut. The screw is first fastened to the outlet box and the nut tightened 
against the tile. Thus the box is held independent of the socket. After 
the socket is in place the cap nut is installed. The method of installation 
is simple: The outlet box, with one piece of the connecting cable, is 
inserted through the oblong slot (Fig. 377) in the tile. The box is then 
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Fig. 381.—Pedestal for sup- Fic. 382.—Showing method of aligning 
porting cabinet boxes while mark- a panel box. 
ing holes for drilling. 


turned face out and the necessary conduit and wiring connections are 
made. After the socket has been fastened in place with the screws, it 
may then be sealed in with cement to make a thoroughly weatherproof job. 

191. Cabinets In Concealed-Conduit Jobs are generally 
set ‘flush’; that is, the box for the cabinet is so set that 
it does not extend outward from the wall surface in which the 
cabinet is placed. The methods of placing these boxes are 
many but, essentially, they are quite similar to those employed 
for small wall-outlet boxes. If the box is to be erected before 
the installation of the wall or partition in which it is to be 
mounted, the box may be supported on a temporary framework 
until the wall or partition is built up to it (ig. 381). Such a 
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framework will more than pay for itself where several boxes 
are to be located at the same elevation. Frequently, however, 
the cabinet box is supported temporarily only by the conduit 
which feeds into and out of it. Various methods of supporting 
and erecting the boxes generally suggest themselves when 
the job is tackled. The principal points on which special 
attention are required are to see that the boxes are placed 
with their front edges in exactly the plane of the finished wall 
and to see that the boxes are set plumb (Fig. 382). If the 
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Fic. 383.—Showing how a cabinet was connected in a building where the 
cabinet location was changed after the conduit was placed. 


boxes are supported by the conduit, the correct position and 
alignment can be secured by bending the conduit. If a 
temporary support is used it must be accurately placed and 
aligned. 


Nore.—ALIGNMENT OF CasineT Boxes IS GENERALLY EFFECTED 
By PiumBiInG.—The method is illustrated in Fig. 382. The location of 
of the box may first be laid out on the floor. The plumb bob then serves 
to indicate whether the box is in the proper place as well as whether it is 
plumb or not. 

Norn.—Tuer Correction Or A Cask Wuerrt Tur Locarton Or A 
Partition, Wuicw Was To Contain A FiusH CaBinet, Was CHANGED 
after conduit ends had been left projecting downward from the floor slab 
above, is shown in Fig. 383. The cabinet also had to be moved to a 
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different partition. The connection, as it was made (Fig. 383), consisted. 


of a spacious pull box to the cabinet which was set on the surface instead 
of flush. 


192. The Support And Alignment Of Steel Cabinets, In 
Steel-Fireproof Buildings, prior to the installation of the 
partitions in which the cabinets will ultimately set, is some- 
times a problem. Where a cabinet is to be located in a special 
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Fic. 384.—Supporting steel cabinet with Grabler’s extension bar. 


compartment—usually near an elevator or light shaft—the 
cabinet can often be installed directly under a beam in the 
floor above. When such is the case, the cabinet can be 
supported by strapping two lengths of ‘‘Grabler’s”’ extension 
bar around the beam above (see Fig. 384) and bolting the back 
of the cabinet to the bars. When an extra large cabinet is 
to be installed, it may be supported by attaching to two 
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angle-iron hangers which are fastened to the beam above with 
hook bolts (see Fig. 385 and details of Fig. 386). 


: Distribution.” 
SS Gabiners 
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Fie. 385.—Supporting distribution cabinet_with steel angles. 
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Fig. 386.—Method of supporting distribution cabinet with hook bolts. 


193. The Alignment Of Switch- And Receptacle-Outlet 
Boxes should be such that all edges of the boxes are either 


I- Details of Angle-lron 


II- Details of Hook-Bolt. 


Hanger and Hook- 
Bolt Supports. 


-.- Beam..." 
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horizontal or vertical and that the front face of the box lies 


parallel to and not more than, 
wall surface (after plastering). 
If, then, the box cover is fast- 
ened to the box which has been 
accurately set, it will be in the 
proper position to hold the 
switch or receptacle and will 
permit the flush plate totakea 
horizontal or vertical position. 
The front edges of the box— 
or, of the box cover, if such is 
used—should finally after the 
plaster is on, lie flush with the 
finished wall surface or not to 
exceed 14 in. back of the fin- 
ished wall surface. Fre- 
quently, however, the conduit 
or boxes are displaced by 
other workmen after they 


have been carefully located - 


by the wireman. If such an 
accident is not noticed by 
the wireman until after the 
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I-Plan View. 
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I- Tengen Cover to Box. 


Fie. 387.—Attaching cover plate [to 
outlet box. 


box has been surrounded by 


concrete, tile, or other rigid material, he cannot usually move 
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Receive 
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Fie. 388.—Conduit-outlet-box cover. 


the box. 
“doctor it up.” 


He must, if possible, leave the box as it is and 
This he may do by so attaching the outlet- 
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box cover that the cover will lie practically flush and in 
alignment, although the box itself is not in alignment. 


Exampie.—A typical square conduit box is shown in Fig. 387-J. 
The type of cover commonly used for switches and receptacles in square 
boxes is shown in Fig. 388. After loosening the screws, S (Fig. 387), 
somewhat, the cover is fastened to the box by slipping it on as shown in 
Fig. 387-J7. If the box is only 
slightly out of alignment in the plane 
of the wall, correction may be made 
by “skewing” the cover as shown 
in Fig. 389. Alignment at right angles 


to the plane of the wall may be made ground—-|.. 1 
Straight 
Edge --> 


Wooden Plug-~. f=." q 
Wal|—-—---- 


Screw for N 
Holding Switch- 


Opening for 
Reception il 

of Switch Outlet Box ay 
Cover —--+77, ie 


Ground --- 


Conduit» 


ee eee X == 
fround Head Screws for 


/ 
“ Outlet Box-- 


Holding down Cover-* / ia ts wes elim eae 
Cover--* Start So RD 
Fig. 389.—Adjustable feature of cover Fra. 390.—Straightedge used to 
of Fig. 388. line up  box-cover fronts with 


plaster grounds. 


by using a straightedge across the ground strips as shown in Fig. 
390, or, if but one ground strip is available, as shown in Fig. 391. See 
See. 194 for methods of aligning box covers. 


194. Methods Of Aligning Outlet-Box Covers, when 
alignment cannot be secured as explained in the preceding 
example, are given below. Sometimes a box stands so far 
out of alignment in the plane of the wall that the slots in the 
cover afford insufficient adjustment for placing the cover 
properly. In such cases, greater adjustment may be secured 
by cutting away a portion of the metal at the slots as shown 
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by the shaded area in Fig. 392-7. The metal may be cut along 
lines AB and BC witha cold chisel. Or, it may be cut along BC 
with a hack saw and the piece then 
broken off along AB by bending Concrete 
the piece back and forth with = 
a pair of pliers. Box covers 
which have thus been cut away 
must be secured with washers 
placed under the holding-screw 
heads (Fig. 392-I7 and JI). 
195. Covers For Boxes Which 


Ground_-- 
Wood Plug--- 


Are Materially Out Of Align- Chie Po 

ment At Right Angles To The Plumb Bob. 

Plane Of The. Wall May Be Conduit | 4A 
' Floor-~ 


Aligned by the method of Fig. 
393 or 394. <A metal, stone, or 
brick wedge would be preferable 
to the wood wedge shown in Fig. Fra. 391.—Plumb bob and cord 
394 because of the inflamma- ea Alacra tiga, of ber 
bility of the wood. Some 

manufacturers supply a number of thin spacer washers, 
having a total thickness of about 37,6 in., with each flush 
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I- Showing Section to — ——— — 
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Fiq. 392.—Cutting away section of cover plate to facilitate alignment. 


device which they sell. These washers may be used (Fig. 395) 
in cases where an outlet box is not greatly out of alignment. 
See also Sec. 196 on the use of spacer washers. 
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Fig. 393.—Aligning front face of box Fie. 394.—Aligning front face of box 


cover by using screw and nut. 
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Via. 395.—Showing how a flush 
device (switch or receptacle) may 
be aligned on a tilted outlet box 
with washers, W, under the yoke. 


cover by using a wedge. 


Hollow Tile Pilaster-. 


Fic. 396.—Base-receptacle boxes out of 
alignment. | 
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Norse.—Tue ALIGNMENT OF THe Covers For SEVERAL ADJACENT, OR 
A “Gana” Or, OuTLET Boxus (Fig. 396) is especially important because 
a slight amount of misalignment is, in such a case, very noticeable. 
After the cover for the first box (A, Fig. 396) has been aligned as described 
in the preceding sections, a specially made straightedge (Fig. 397) may 
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Elevation. 
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Plan, 
Fie. 397.— Details of straightedge. 


be used to advantage for aligning the remaining boxes as depicted in 
Fig. 398. 

Norzs.—To Fasten A Cover On A Conpuir Box Wirn A Stove 
Bott WHEen Tue Tureaps In Toe Box Lucs Have BreEn STRIPPED, 
proceed (Fig. 399) as follows: Ream out the hole with a file tang so that 
the bolt will pass through it readily. Place the nut right under the hole 


Fralsed Front-~. 


Finished Plaster ie Plan View. 


Fie. 398.—Straightedge used for alignment of box-cover fronts. 


in the box lug. Place a little putty over the nut and around its sides; 
this will hold it in place. Put cover on and screw in the bolts. Take 
care not to fill the threads with the putty. 

196. Washer Spacers For ‘Building’? Out From A Flush 
Device Box Which Has Been Set Too Deep are shown at W 
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in Fig. 400. Sometimes when the electrician is setting the 
switches or other flush devices, he finds that the coat of plaster 
is unusually thick at the outlet-box location. The front edge 
of the outlet box (or box cover, if one has been used) may lie 
from 14 in. to 1144 in. back of the finished wall surface. He 
must then adopt some expedient whereby the switch, receptacle, 
or other device can be attached, out flush in its proper location, 
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Fre, 399.—Fastening a cover on Fria. 400.—Spacer washers for “lining 
a conduit box when the screw thread up’’ a flush device in a box which has 
is stripped. been set too deep. 


and rigidly to the box. This may be accomplished by arrang- 
ing a stack of washers on a long No. 6-32 machine screw, 
between the device ears and the box ears, as shown in Fig. 
400. Copper burrs, such as are used on rivets for leather, or 
tinner’s burrs make satisfactory washers. The No. 6-32 
machine screws which come with the device will probably be 
too short. 

Note.—In Insratiuinc A Srack Or Spacer WaAsHERS, as at W 
(Fig. 400) either of two methods may be employed: (1) Stack the washers 
into two columns, each eolumn of the proper height, and wrap a piece of 
friction tape around each stack; the tape holds the washers together 
and thus prevents them from falling from the machine screws when 
the screws are being turned into position. (2) Cut the heads from two 
No. 6-32 machine screws, which are sufficiently long to project about 
1 in. outside of the wall face when their inner ends are screwed into the 
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ears of the outlet box. Turn one of these headless screws into place in 
each of the box ears. Place a sufficient number of washers on each 
headless machine screw to fill out from the box ear to the wall face. 
Place the device in position with its ears over the screws and press with 
the fingers firmly against the ears to hold the washers in place. Remove 
one of the headless screws and substitute a new No. 6-32 screw of proper 
length, clamping one ear of the device in position. Do the same at the 
other ear of the device. Sometimes, in emergencies, a No. 6 or 7 wood 
screw of proper length will prove a fair substitute for a No. 6-32 machine 
screw. 


197. Conduit Wiring In Plaster-Board Or Metal-Lath 
Partitions requires special care. So-called ‘‘two-inch parti- 
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Fiq¢. 401.—Outlet box and conduit wired to partition. 


tions” are now being constructed in many buildings, particu- 
larly in those of fireproof construction. These partitions are 
made by applying plaster on either metal-lath or plaster- 
board surfaces that are supported on steel studding of small 
angle or channel sections. Channels 34-in. deep are often 
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used in this construction to carry the plaster-board slabs 
which are held to the channels with steel clips as shown in 
Fig. 401. Because of the space economy of partitions of this 
type, they are being utilized in a great many cases for the 
subdivision of office-building floor areas. The partitions, 
when completed, are practically solid and comprise only fire- 
proof materials, namely, steel and plaster. It is obvious, then, 
that the conduit method is the only one that is permissible 
within these thin partitions. Either rigid or flexible metallic 
conduit can be used. As a rule, it will be more economical 
to use rigid conduit where it is not necessary to make a great 
number of turns and offsets in the conduit run. However, in 
some cases where the route of the run is very irregular, flexible 
conduit may be the more economical. 

198. A Method Of Installing A Conduit Run And A Bracket 
Outlet Box In A Plaster-Board Partition is shown in Figs. 


Plaster \ | 


| - No.3 Clip 
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Fie. 402.—Conduit in a 2-in. plaster-board partition. 


401 and 403. The conduit is installed on the partition after 
the plaster-board slabs have been placed and is held to the 
plaster board with tie wires. These tie wires (Fig. 402) pass 
around the conduit and through holes in the board and are 
twisted together on the back side of the board with a pair of 
pliers. This holds the conduit tightly against the board. The 
holes through the plaster board for the tie wires can be made 
with a small twist drill, turned with a bit brace. The outlet 
box is supported by the conduit. It will be noted from Fig. 
402 that the plaster board does not lie exactly in the center of 
the 2-in. partition, although the channel studs do lie in the 
exact center. There is a distance of 5¢ in. between the plaster 
board and one face of the partition, and 11< in. between the 
face of the plaster board and the other face of the partition. 


Sec. 199] INSTALLING CONCEALED GONDUIT 237 


Inasmuch as }4-in. conduit is a trifle under 7 in. in external 
diameter, it is necessary to place the conduit on the 11-in. 
side of the plaster board as suggested in Fig. 402. The 
conduit cannot be run horizontally in the partition over studs 
because of the small space at the studs. Furthermore, since 
all outlet boxes with knockouts in the sides are more than 
11g in. deep, the plaster 
board must be cut 
wherever a box is placed 
(see Fig. 403). 
Nors.—Conpuit Risrers In 
PLASTER-BoAaRD PARTITIONS 
May Frrequentiy Br PLACED 
In Room Corners, or near one 


of the steel studs as shown in 
Fig. 404. In such cases the 
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Fic. 403.—Showing method of mounting Fic. 404.—Conduit bound to 
a bracket outlet box in a plaster-board par- corner clips with tie wires. 
tition. A switch or receptable outlet box 
would be mounted similarly, a small rec- 
tangular box (Fig. 23, Spraguelet box) being 
used instead. 


conduit can be held with tie wires to the steel clips that clamp the plaster 
boards to the channel studs. 


199. An Outlet In a Plaster-Board Ceiling can be arranged 
as shown in Fig. 405. There is only 5 in. finished plaster 
between the lower face of the plaster board and the finished 
plaster surface, so that there is scarcely room in this space for 
an outlet box. <A ceiling plate might be used if the conduit 
runs were such that they could enter at the back of the plate. 
In most cases, however, the conduit runs will be horizontal, 
as shown in Fig. 405, and must enter the sides of the boxes. 
It will then usually be necessary to use deep boxes in plaster- 
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board ceilings, which will permit the conduit to enter the side 
knockouts. 


Nors.—Ir A Huavy Fixture Is To Be Supportep From AN OUTLET 
Box in a plaster-board ceiling it will be necessary to provide additional 
support to the outlet box to enable it to sustain the weight of the fixture. 
This support can be provided by arranging a bridge across a couple of 
the channel-section beams, or by arranging a piece of rod or strap iron 
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Fira. 405.—Outlet-box in plaster-board ceiling. 


vertically over the center of the box to some member above, so that 
it will be in tension when a stress is imposed on the box. Frequently a 
piece of No. 6 soft iron wire can be used for this tension member. It 
can be pushed through and tied in the screw holes in the bottom of the 
outlet box and made fast over a beam or around some member directly 
above the box. 


200. The Installation Of Flush Switches In 2-In. Parti- 
tions is illustrated in Figs. 406 and 407. Since the depth of a 
shallow square outlet box is generally a little more than 114 
in., and the depth of the most shallow switch-box cover is 
1g in., it is evident that the two together cannot ordinarily 
be placed within a 2-in. partition. For this reason it is incon- 
venient to install square boxes with switch covers in 2-in. 
partitions. But when it becomes necessary to place such a 
box-and-cover combination in a 2-in. partition, it is well to 
locate the box so that the front face of the cover extends 14 
to 5g in. beyond the finished plaster surface. This permits of 
placing sufficient plaster against the back of the box to prevent 
cracking away. Then, to provide a neat appearance on the 
switch side of the partition, a wood mat (Fig. 406) is placed 
behind the switch plate. To obviate the use of the wood mats 


Sec, 201] INSTALLING CONCEALED CONDUIT 239 


under switch plates on 2-in. partitions a special shallow switch 
(Fig. 407) has been devised. This switch is made to fasten 
directly (without covers) into special shallow switch outlet 
boxes (See. 49). 
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Fig. 406.—Section through a Fie. 407.—F lush single-pole “1-in.’’ 
2-in. partition containing a stand- switch (Arrow, No. 6900) installed in 
ard-size switch. Note that a wood 114-in. deep wall box in a solid 


mat must be placed under the 2-in. partition. (Arrow Electric Co., 
switch plate because the box and Hartford, Conn.) 

switch cannot be placed entirely 

within the thickness of the 

partition. 


201. Complicated Conduit Installations Can, By Using 
Templets, Often Economically Be Cut And Assembled, In 
A “Dummy”? Installation, Prior To The Construction Of The 
Building.—Templets for all of the conduit terminations are 
made and arranged, actual size, in a dummy layout, which 
duplicates the conditions that will obtain in the contemplated 
building. This dummy may be set up on a suitably large 
enclosed floor, such as that of a loft building; or it may be 
built out in the open. All of the required conduits are then 
cut, bent, and fitted into this dummy installation, just as 
they will ultimately be installed in the contemplated building. 
Every templet, conduit run, and piece of conduit is marked 
with an identifying number. When the building is ready for 
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roughing in the conduit, the dummy installation, templets 
and all, is disassembled and reassembled in its final position 
in the building. This procedure permits the construction of 
the building to proceed in minimum time without its having 
to wait for the time-consuming fitting and roughing in on 
the job of the complicated conduit runs. 


Exampies.—See Electrical World, July 3, 1920, for a description of 
the “dummy” method which is used by the Southern California Edison 
Co., in installing the conduit in its substations. See Hlectrical Age, 
July, 1917, for explanation of the application of the dummy method in 
installing the complicated conduit system in the Telephone and Tele- 
graph Building, New York City. 


202. Templets For Locating Accurately The Terminations 
Of Conduit Runs (Figs. 408 and 409) are often very useful 


_aHoles For Conduits:. 
Fo b.o-0 o—--c—4-—o- 


©-6-0-0-0e-0-6-© @—--- 


*-Dlank Fastened 
To Ceiling 


Bushings. _ 


44 | Conduits 
‘1 Sub Floor 


I-Front Elevation I-Side Elevotion 


Fra. 408.—Suspended templet for conduit. (Certain of the truss strips have 
been omitted to simplify the illustration.) 


and economical. Often conduits must terminate at certain 
definite locations (such as at switchboards, cabinets and pull 
boxes) and the equipment at which the conduit is to terminate 
is not available at the time the conduits are being installed. 
In such cases a templet, which duplicates the size and posi- 
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Fira. 409.—Subvened sheet steel templet for conduit, supported on a flat-iron 
base. 


Fig. 410.—Fibre conduit in place preparatory to pouring concrete. Montana 
Power Company, Butte, Montana (Johns-Manville Co.) 


Fra. 411.—Sheraduct conduit installed for switchboard of San Diego, Cal., 
Consolidated Gas & Electric Company, H. M. Byllesby & Co., Engineers. 
(National Metal Moulding Co.) , 
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tions of the contemplated termination holes, can be made. 
Then this templet can be mounted temporarily, though 
securely, in the proper location in the building and the conduits 


Fra. 412.—Conduits for switchboard for Generating Station A-2 of the Phila-~ 
delphia Electric Co. (Courtesy, Current News.) 

can be run to and connected into this templet just as they 

would to the switchboard cabinet or pull box. When the 

ultimate equipment finally arrives, it can, after the removal of 


Fig. 413.—Conduits roughed in at cabinet location. 


the templet, be installed. If the measurements have been 
made accurately, the conduit terminations and the equipment 
should “‘line up” and fit together nicely. Examples of such 
uses of templets are shown in Figs. 410, 411, and 412, 
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Nore.—SuspenpED Tremptets For Conpurr TERMINATIONS ARE 
UsvaLLty PrererasLe To Susvennp Tempers (those which are sup- 
ported from below). That is the arrangement of Fig. 408 is, in general, 


Fra. 414.—Alumaduct under switchroom floor of Niagara River Power 
Station, 100,000 ft. of 15-in. to 244-in. duct was used. (National Enameling 


and Stamping Co.) 


Fia. 415.—Essex Station, Public Service Corporation of New Jersey. Con- 


duits in main floor of switch-house. 


preferable to that of Fig. 409. When the templet is supported from 
above, there is then nothing under it to interfere with the manipulation 


of the conduits. 


CONDUIT WIRING [Div. 5 


244. 


203. Views Of Several Large Concealed Conduit Jobs 
are shown in Figs. 410, 411, 412, 413, 414, 415, 416, and 417. 


Con- 


Fia. 416.—Essex Station, Public Service Corporation of New Jersey. 
duits connecting switch-house with turbine room, 


_ ft Paiteiog: Cc 
ns 


»« Found ation 


Fra. 417.—Conduit layout in the floor of a substation ready for the pouring of 
Note how ends are sometimes held in place with templets. 


concrete. 
Several of these illustrations show templets holding conduit 
ends where they are to project upward or otherwise in some 
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special direction. The templet method is perhaps the most 
positive in assurance that the conduit will line up with other 
apparatus (such as cabinets, switchboards, or the like) to 
which it is to connect. 


QUESTIONS ON DIVISION 5 


1. In what building construction should concealed wiring be in conduit? When 

must wooden-frame buildings have all wiring in conduit? 

2, What is the National Electrical Code rule about the accessibility of conduit 

boxes? How is this rule interpreted? 

3. Describe, with sketches, how conduits are installed in concrete buildings which are 

to have wooden floors. Give two methods. 

4, Should conduit be placed before or after the concrete floor slabs are poured? 

Why? Explain fully. 

§. Explain, with sketches, the method of fastening a conduit box to a piece of rigid 

conduit. 

6. How many locknuts are usually employed at one conduit-box fastening? When 

may more be necessary? Why? 

7. Draw a sketch to show the proper connection between a conduit box and a piece 

of conduit which was cut too long. 

8. Describe the method of making a flexible-conduit fastening to a conduit box. 

Are bushings used? How many locknuts? 

9. Draw sketches showing two methods of fastening conduit boxes to form boards. 
10. Describe what may happen if concrete, during the pouring, fills a conduit box. 
11. Explain two methods of preventing the accumulation of concrete in conduit boxes. 
12. Why should conduit be securely fastened when placed so as to be later embedded 

in concrete? Draw sketches to show how this may be done. 

13. Why must not conduit be permitted to rest on the form boards for a floor slab? 

14. Draw sketches to show several schemes which are employed for maintaining a 
space between the form boards and the conduit. 

15. Explain, with a sketch, how you would support conduit and conduit boxes in a 
steel conerete-column form. 

16. At what stage in the construction of a concrete building are the large conduit 
risers generally installed? 

17. What is a chase? <A wire-shafi? What are their uses? 

18. Draw a sketch to show how a chase can be formed in a concrete wall. 

19. Explain, by drawing sketches, a method of installing an outlet box and its feeding 
conduit in a hollow-tile arch. How would you punch holes in the tile? 

20. Describe the method employed for placing outlet boxes and conduit in ‘‘ concrete- 
joist’? floor slabs. Draw a sketch. 

21. How should ceiling outlet boxes be supported in suspended ceilings? 

22. Explain how a wireman may facilitate some of the work in a suspended-ceiling 
job. , 

23. Explain, with a sketch, how switch outlet boxes should be installed in building 
of fireproof construction. 

24. Suppose that a partition was inaccurately located when the preliminary conduit 
work on a concrete building was done. How would you remedy the job so as to get a 
wall-outlet feeding conduit into the partition? 

25. What is the procedure in installing an outlet box and conduit in an existing tile 
partition? Draw a sketch. 

26. Draw sketches to show how outlet boxes may be supported on steel columns 
which are to be covered with fireproofing tile. (Show how the support is made both 
when the box is to be placed on the flange side and between the flanges.) 

27. Draw a sketch to show how an outlet box may be supported from wooden joists 
with pipe fittings. 
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28. Describe several methods of supporting conduit in wooden-frame buildings and 
draw sketches to illustrate each. 

29. What is the disadvantage of supporting conduit in notches in the floor joists? 
How may it be overcome? At what part of the joists is notching always permissible? 

30. Draw sketches to show the correct and incorrect methods of drilling holes in 
joists for flexible conduit. 

31. Discuss the question of passing rigid conduit through holes drilled in joists. 

32. Describe and illustrate with sketches several manufactured devices for supporting 
ceiling-outlet boxes in wooden-frame buildings. What are their advantages? 

33. Show by sketches several methods of supporting conduit in buildings of ‘‘stcel- 
lumber” construction. 

34, Explain how outlet boxes may be supported from door bucks. 
of several arrangements for this support. 

35. How should outlet boxes be supported in stud partitions? 

36. What are the advantages of steel supports at door bucks? 

37. Explain the meaning of the term ‘‘flush’’ cabinet. 

38. Describe the procedure in installing and aligning a cabinet box. 

39. Draw sketches to show several methods of supporting steel cabinets in fireproof 


Draw sketches 


buildings. 

40. Why are the covers for outlet boxes made ‘‘adjustable?” 

41. Explain the procedure in aligning the cover for a flush device. 

42. Describe the use of a straightedge for aligning several adjacent outlet-box covers. 

43. Which is usually used in two-inch partitions, rigid or flexible conduit? 

44, Describe and draw sketches to illustrate the method of installing conduit runs and 
outlet boxes in plaster-board partitions. 

45. What is unusual about the installation of flush switches in two-inch partitions? 
In what two ways is the installations accomplished? Show with sketches. 


DIVISION 6 
INSTALLING EXPOSED CONDUIT 


204. The Purposes Of Installing Wiring In Exposed Conduit 
(Fig. 418) are, in general, the following: (1) To provide a con- 
duit job at less expense than that of concealed conduit. Exposed 
conduit-wiring systems have all of the advantages of 
concealed conduit wiring; that is, they provide a very safe, 
mechanically secure, and very 
durable wiring means. The in- a iiting 
stallation of the conduit in exposed me 
locations may often be accom- YY 
plished at less expense than were (——j—=—||| all 
it all concealed. (2) To provide a\:-*:}. 
very flexible conduit system. Inas- 
much as the conduit and all outlet 
and junction boxes are located in 
accessible places, future additions 
and alterations may very readily 
be made. (3) To provide conduit 
wiring in existing buildings at low 
cost. The installation of concealed 
conduit in existing buildings, espe- 
cially those of fireproof construction SSS 
would be much more costly than fie. 418. — Exposed-conduit 
running the conduit exposed, ele Sa abe a 
Where appearances do not justify “elbows” in the above illus- 
this additional expense, the conduit ‘tion should, more properly, 

; be termed “bends. 
is run exposed. (4) To provide 
mechanical protection in portions of wiring systems which are 
of less secure character (such as openwork, or moulding wiring 
systems). The only disadvantages of exposed conduit are 
that, in certain cases, its appearance is objectionable and 
that under certain conditions it, may cost more than concealed 


conduit. 


247 
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Norr.—Ricip Conpvuit Is GENERALLY Usep For Exposep Conpvuir 
Work because the rigid conduit can be made to present a more pleasing 
appearance than can flexible conduit. Furthermore, rigid conduit 
is to a certain extent self-supporting; that is, if the conduit is fastened at 
intervals (10 ft. or so), the portions between fastenings are fairly secure 


Fie. 419.—Essex station, Public Service Corporation of New Jersey. 
Control conduit room. All conduits for the entire switchhouse building 
terminate in this room. 


against displacement by blows, weight, or the like (see Fig. 419). Flexible 
conduit, on the other hand, may readily be moved at points other than 
those at which it is fastened. 


205. Neat Appearance Is Essential In Exposed Conduit 
Work, hence great care should be exercised in its installation. 


Y“unsightly, 
Dangerous 
Kinks 


ICorrect I-lncorrect 


Fie. 420.—Correct and incorrect conduit bends. 


Construction which is mechanically satisfactory but which 
does not look well may suffice where it is to be concealed. 
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But where the construction is to be exposed to view, unsightly 
work should not be permitted. 


Tincorrect TE Correct 


Fra. 421.—Carrying an exposed conduit run around an offset. 
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Fie. 422.—Carrying exposed-conduit ends into a box. 
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Fra. 423.—Correct methods of carrying exposed conduit runs around beams. 
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Fra. 424.—Incorrect method of carrying a conduit run around a beam. 


Exampies.—Bends (Fig. 420) should always be smooth (see Sec. 146), 
Offsets (Fig. 421) should be so made that the conduits fit the walls. 
Conduits entering boxes (Fig. 422) should do so at right angles; if they 
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do not, the locknuts and bushings can not be set up squarely and tightly. 
Hence, they are liable to loosen. In carrying conduits around beams, one 
of the methods of Fig. 423 should be followed; not that of Fig. 424. 
In carrying a conduit run around a corner, fittings or bodies (Fig. 425) 
are preferable to handmade bends. Always (where feasible) set a 
pull fitting or body (Fig. 425-IJ and-I/I) so that the long dimension of 
its opening lies in the direction in which the conductors will be pulled in. 


Pipe Jtrap-. 


Wires Ghani Be Pulled 5 Wires. Shoutel Be 
OpenSpace ~-From Right To Left “Pulled Downward 


I-Undesirable Il- Correct For Side Pull Il-Correct For Down Pull 


~--Unsightly 


Fie. 425.—Carrying exposed conduit runs around corners. 


206. Exposed Conduit Is Frequently Used For Service- 
Entrance Wiring (Figs. 24 and 426) even where other wiring 
systems (openwork, for instance) are employed for most of the 
interior wiring. ‘This is often done to provide greater protec- 
tion for the wires outside of the building and for safety to 
persons. Service-entrance conduit, when so installed, should 
run continuously to a metal switch and cutout box and should 
be grounded (Div. 9). Service entrance conductors which 
would otherwise be exposed on the outside of buildings must 
be installed in conduit where the conductors would be within 
the reach of human hands or where they would be liable to 
interference from movable objects. 

207. Exposed Conduit Wiring Is Often Used For Parts 
Of Other Systems (Fig. 427) to protect the wiring from 
mechanical injury. Thus, in Fig. 427, which shows a portion 
of a building which was wired after the building was finished, 
a run of conduit extends vertically from the distribution cab- 
inet in the first story and wires emerge from the conduit at the 
ceilings of the first, second, and third stories. The wires 
emerge through fittings which have separate bushed holes for 
each wire (Fig. 428) and the wires are carried on exposed cleats 
to the various outlets. Likewise in Figs. 429 and 430 are 
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Fra. 426.— Underground-conduit service 
entrance. (Crouse-Hinds.) 
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Fia. 427.—Exposed conduit riser. 
(Crouse-Hinds.) 
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Fria. 428.—Feeding two open-wire circuits from a conduit run. 
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Fie. 429.— Joining moulding to con- Fre. 430.—Side-wall conduit feeding 
duit. (Crowse-Hinds.) mouldingrun, (Crouse-Hinds.) 
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shown methods of connecting conduit runs to wooden 
moulding. 
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Fig. 431.—Side-wall conduits from distribution cabinet feeding open-wire 
circuits. 


Nore.—Ir Is Customary To Use Conpuits For Exposrp WIRING 
AtonG FirEPRooF WALLS, as shown in Fig. 431. It is difficult and 
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Fig. 432.—Weatherproof sockets supported from exposed conduit run. 
(Crouse-Hinds.) 


laborious to secure a firm screw hold in masonry and concrete walls. 
This renders the installation of open wiring on such surfaces expensive 
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and undesirable. Since conduit can be run along a wall with only a 
small number of screw fastenings (see Fig. 431), it is more suitable for 
wiring along fireproof walls. Short runs of conduit like those shown, 
very frequently need not be grounded (see Sec. 305). 
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Fria. 433.—Vapor-proof globe lighting units supported from conduit run. 
(Crouse-Hinds.) 
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Fie. 434.—Exposed-conduit installation in a pavilion. (Crouse-Hinds.) 
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Fig. 485.—Turning from the Fre. 436.—Conduit fitting used at turn in 
bottom face of one beam to the conduit run. 
side face of another. (Crouse- 
Hinds.) 


208. Conduit Fittings Are Widely Used In Exposed Conduit 
Work (see Sec. 30 for definition of “fittings”). These fittings, 
being small and specially designed for exposed conduit wiring, 
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present a very neat appearance. ‘They are made in many 
varieties. The separator fittings (Figs. 426, 427, 428, 430, 432, 
433, and 434) are used wherever wires must emerge from a 
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. Fig. 437.—Footlight wiring. (Crouse-Hinds.) 


conduit run. They may also be used as outlet fittings as in 
Figs. 432 and 433. EIl and tee fittings are made in several 
forms and their uses are shown in many of the illustrations in 
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Frag. 438.—Inclined pull box. 


this division. Convenient uses of these fittings are suggested 
in Figs. 418, 435, and 436. Conduit outlet fittings, as shown 
in Fig. 437, are frequently used for display, sign, and theater 
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lighting. In fact, fittings may be used to hold practically 
any wiring device that is manufactured. 


Nore.—Putt Boxes Arg Orren Usep In Exposep Conpuir WIRING 
(Fig. 438).—A great deal of time is saved in the erection of a job, where 
a large number of conduit runs follow approximately parallel paths, by 
employing pull boxes (Fig. 439) instead of trying to form the conduits 
into the proper kinds of bends. Pull boxes are especially desirable where 
the runs of conduit are long (Sec. 84) or where they contain a large 
number of bends. Pull boxes should, in general, be placed where they 
will replace bends or elbows in the conduit runs. A pull box which 


‘Conduits 


IConduit Bends In Corner Of Room 
Fre. 489.— Showing how a pull box replaces bends in conduit runs. 


replaces a number of offset bends is shown in Fig. 439 (see also Fig. 480). 

Norr.—StTreet-Box Enciosep Swircuss (Fig. 440) are often employed 
in modern installations, in lieu of a switchboard. Such an arrangement 
really constitutes a dead front switchboard. 


209. Exposed Conduit Wiring May Be Classified as follows: 
(1) Exposed surface conduit wiring wherein the conduit is 
carried directly against some supporting surface (or within 
about an inch of that surface). Examples of exposed surface 
conduit wiring are shown in Figs. 418, 430, 433, 437, 439, 441, 
442, and 443. (2) Exposed open conduit wiring wherein the con- 
duit hangs at some distance from nearby surfaces or is carried in 
racks. Hxamples of such open conduit wiring are shown in 
Figs. 419, 438, 434, 435, 444, and 445. Exposed open conduit 


Ye) 
N 


INSTALLING EXPOSED CONDUIT 


(4079 


DAJWO/) [DIVIIIL 


yor.lapolg) ‘Idnosstyy ‘sINoT 4g ‘sjuewuywdy uospreuog ‘sexoq Jo0}s UL pesopoUe seyo}IMS Jo pesodurod pirvoqyoyIMgG—OFPPp “OT 


Src. 209] 


ie. o. Pee 
Beles ee pac 
‘ES ~26 Bui} ' : 
if ae 8 4M00/ J AfdsIUoy’ } 
APU) Fs. JLInpuo), F 4/npuoy 2] Theo ae Loddng ad/q YOU, 2/--— SS 
' N 7 mae i 5 a * . % 
The. Sp 10006 UO Wee ays). ~ ‘ah 4 RYOy aN W229) » 
& yt Neds. \ ‘ 4 
(|| Haddins adie wor, 2/ \ ahwueg }) g-Auipyng ees g huypyng eae tyr YOYMG a2ueduT a7/1426-_ : 
| | logon spec, buyyraguey yoLMs Ayyouuoy yaya. ae. fe--s9-t---- > a 
|| Mooy 1aysog buyjjouuoy GIs ni i / i A 
= Lae ay al eee = : NAN 
mop —— meee SSS ESS wie —— “A a Beate ae = Ze 
oF i Y Ne - ney = a x 
=| BEAK 
| | i 
| ' : 
‘| ip diteals o AO 
| yy? Hilo ‘dusy 002 -duny 002 
if / f 0 
if U kU rn 
a Spy of $u0L,, Ye oa 1 YPig Of JU 0Lfy 9-~ | 
Y = . o229 ee \ - ¥ 2 
: ‘quite Lunoy sajjog BUI/OL{U0) YXJIMG , j-bulpping bus//o1Ju0) yg? \ y-buypyng Buyljauo) yofymc- ie oe 
v “ . 7 ‘ oi I & 
444, 294200 24M HOY f22Y6 YY hy] juno)” vog /[N~ i | 
aplspng MUi{fo1440) YILIMS . 
{3U/Gb) 1342jy---~: ; 
| 
kk. - - - --5952- - ---- > 3 
8 enn ee oe a + a = = 5,059 —- == = - ~~ = - -- --- 5 - -- = -  - -- ‘6 
. og. B 
BULLY dINPUO) / 


258 CONDUIT WIRING | Div. 6 


Fig. 441.—An installation of ‘“surface’’ exposed conduit wiring on the outside 
of a building. (All fittings in exterior work must be waterproof.) 


Ita. 442.—A neat installation of exposed surface conduit wiring on the 
ceiling of a warehouse room of reinforced-concrete construction. Note 
that a number of offsets might have been avoided if the conduits had been 
kept clear of the abacuses of_the columns. 
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wiring, as is evident from these illustrations, is generally 
employed where the building construction is such that the 
installation of surface conduit would be difficult and expensive. 
Exposed surface conduit wiring, however, presents a neater 
appearance than does open conduit wiring. 


Notr.—Exposrp Conpuir Instatiations Arn Frequently Com- 
BINATIONS OF SurFACE AND OpEN Conpuir WrrinG; that is, where 


“Dis tribu tion Cabinet 


Via. 443.—Another example of exposed surface conduit wiring. Note the 
manner in which the conduit runs enter and leave the panel boxes on the 
columns and the extensive use of junction boxes. 


convenient the conduit is run along surfaces and in other places the 
conduit is run in the open. Wherever the conduits must be run so as 
to “‘cross’’ one another, as in Fig. 446, it becomes convenient to run the 
conduits which have one direction against the surface and to run those 
which have the other direction in the open. 


210. The Support Of Exposed Surface Conduit is generally 
effected with pipe straps (Figs. 45 and 447). The spacing of 
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the supporting straps is a matter which the wireman must 
decide. The supports should not be spaced farther apart than 
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Fre. 445.—Arrangement of transformer leads—a good example of exposed 
open conduit work. 


about 10 ft. Chicago rules require that every length of con- 
duit have a separate support. Where heavily loaded large 
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conduit is supported by wood screws, the supports should be 
provided at more frequent intervals. The governing factor 
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Fie. 446.—A partially completed installation of combined surface and open 
conduit wiring. 

in the spacing is generally the strength and permanency of the 

fastening screws or bolts. For supporting conduit or hollow 
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Fig. 447.—Conduit held to timber with pipe strap. 


tile, toggle bolts (Fig. 448) may be used. Where the conduit 
is to be held to the flange of an I-beam (Fig. 449) a piece of 


ry * 
Conduite Toggle Bolt 
Fra. 448.—Conduit held to hollow tile with toggle bolts. 
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band steel may be formed into a pipe strap the ends of which 
may be bent around the flange. 
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Fic. 450.—A convenient means of fastening a pipe strap to a concrete surface. 
Note that only one hole need be drilled in the concrete. 
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Ira, 451.—Illustrating method of fastening a multiple conduit run to a brick 
or concrete surface. 
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Note.—Wuere Hotes Are Dirricutt To Dritn, Prem Straps May 
Br Hetp Wirn Onty One Screw (Fig. 450). With this scheme the 
usual two-screw pipe strap may be attached by only one supporting 
screw. Some manufacturers sell pipe straps which are specially designed 
for one-screw fastening (Fig. 45). Two expansion bolts (Fig. 451) 
may often be arranged to hold a number of conduit runs. 


Condutit--.\<O°*S 
KS . 


Tie Wire-., 


Fra. 452.— Conduit attached to panel with a tie wire. Two holes, A and B 
are drilled with a small twist drill, from the face of the panel, so as to intersect. 
Then the tie wire is fished through them. 


Notrs.—For Supprortine Conpuir ON State Or MARBLE SURFACES, 
such as those of switch or panel boards, a tie wire (Fig. 452) constitutes 
an inconspicuous and, under certain conditions, a desirable support. 


211. For Supporting Exposed Open Conduit Beneath 
Concrete Floor Slabs, Hangers Are Cast Into The Concrete.— 
_ Ends Berit Over At Right Angles In Concrete... 
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Trg. 453.—Illustrating the use of perforated extension bar for supporting 
conduit runs. 

Either perforated band stecl strip extension bar (Fig. 453, 

also called Grabler bar) or serap pieces of conduit (Hig. 454) 

may be used in making hangers. When conduit is used, a 
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short piece is bent over at one end and the other end after 
being threaded is dropped down through a hole drilled in the 
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Fig. 454.—Front elevation of conduit hanger. 


form boards prior to the pouring of the concrete. The 
upper end of the conduit piece is then wired to the reinforcing 
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Iie. 455.—Side elevation of conduit hanger. 


steel so that the lower end extends vertically downward 
through the form boards about 3 to 5 in. After the form 
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boards are removed, a hanger is fastened to the cast-in piece 
of conduit with a coupling and a nipple of the proper length 
(Figs. 454 and 455). 

212. When More Than One Run Of Conduit Is To Be 
Supported At One Location, A Complete Hanger May Be 
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Fria. 456.—Pipe support for multiple conduit run. 


Constructed Of Conduit Scraps (Figs. 456 and 457) by installing 
at each point of support, two extending pieces of conduit. 
Although it may seem wise to use up scraps of conduit by 
making hangers from them, the cost of the required fittings, 
threading, and of drilling holes through the form boards 
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Fia. 457.—Conduit support sus- Fig. 458.—A simple scheme for 

pended from expansion anchors. supporting multiple conduit runs 


with perforated extension bar. 


more than offsets the cost of the extension bar (Fig. 453) which 
might otherwise be used. The bar may be driven between 
the form boards and with it are needed only a couple of small 
bolts. The method of installation is similar to that of the 
conduit hanger (Figs. 453 and 458). 
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Nors.—To Srevecr Tue Proper Size Or Extension Bar For Sur- 
PORTING Conpuir Runs, it may be convenient to use Tables 213 and 214. 
Table 213 gives the weights of 10-ft. sections of conduit assuming that 
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Fia. 459.—Illustrating the steps in the construction of a double-conduit 
hanger strap. 


they are filled to maximum capacity with conductors. If several con- 
duits are to be supported at one point, their weights may be added 
together to find the weight that the support must sustain. Table 214 
gives the safe strength of extension bars. When a hanger is made as 


Conduit. 


Conduit 


*~. extension Bar 
Hanger 


Fra. 460.—Tandem hanger for conduit made from extension bar. 


shown in Fig. 458, each strip sustains practically half of the total load. 
The process of making a tandem support for two or more conduits, one 
vertically above the other, is depicted in Fig. 459 ( see also Fig. 460). 
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213. Table Showing Approximate Weights Of Conduit 
Sections 10 Ft. Long Filled With Conductors.—The values 
given here include the weight of a 10-ft. section of conduit 
together with the maximum weight of conductors that the 
“Code” allows to be drawn into the conduit. 


, aaa = 


Size con- | Weight, || Size con- | Weight, 1 Size con- Weight, 
duit, in. | lb. || duit, in. | lb. | duit, in. | lb. 
| I} 
l | | 
4 10 2 73 || 34% 285 
34 15 214 Jia ps Se 340 
1 24 a3 145 | 6 | 445 
1% 38 3 igi) | 
14 | 49 | 4 | 220 | 
| 


214. Table Showing Dimensions Of Perforated Steel 
Expansion Bars And Their Strength. 
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215. For Supporting Exposed Open Conduit From Struc- 
tural Members, as is frequently done in steel mill buildings, 
many special devices are manufactured. Some are illustrated 
in Figs. 46, 47, and 48. Perhaps the most convenient forms 
of support and most readily made are the U-bolt (Fig. 461) and 
the hook-bolt (Figs. 464, 465, and 467). U-bolts may be 
readily made by threading both ends of a piece of round mild 
steel and then forming it with a jig (Fig. 462). The piece is 
clamped at its center under the lever and the ends bent down 


268 CONDUIT WIRING [Div. 6 


Wrought 
Tron , 
Conduit--- Hex. Nut, 


LLL 


Double Angle 
\ Member 


¢--To Be Gripped in 
Vise or set in 


Anvil Haray Hole 
r “Punched 
Washers’ 
Fie. 461.—Rigid conduit clampedto Fra. 462.—Rig for forming U-bolts. 
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Iraq. 463.—U-bolt being formed. Fra. 464.—Vertical conduit 


supported with strap and two 
hook bolts, 
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Fra. 465.—Conduit serving monorail-crane contact rails held to channel with 
hook bolts. 
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Fig. 466.— Details of hook Fie. 467.—Supporting conduit runs with a 

bolts and strap for 114-inch tee-bar. 
conduit. See Fig. 465 for 
application. 
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Fig. 468.—Supporting conduit from ceiling in bay center of wooden-mill 
construction building. Two conduit lengths may be joined in 7, thus saving 
a coupling. Or T may be sufficiently large that the conduit will pass entirely 
through its horizontal opening without engaging threads, 
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against the slot (Fig. 463). In forming U-bolts from stock 
ereater than, say, }4 in., the material will generally have to 
be heated. The details of a hook-bolt and strap assembly are 
shown in Fig. 466. A neat though rather expensive support 
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Fria. 469.—Hanger for heavy conduit runs. 


(Fig. 468) may be made from a pipe flange, a length of conduit 
and a tee. 


Norr.—Various OTHerR REeapinry Mapr HanGers AND SUPPORTS 
are shown in Figs. 469, 470, 471, and 472. 
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Fie. 470.—Steel support for multiple conduit run. 


216. The Support Of Long Spans Of Conduit may be effected 
in one of two ways: (1) By trussing (Fig. 473). (2) By cable 
suspension (Fig. 474). In Fig. 473, the weight of the conduit 
is carried by the thin truss rods which extend between the 
collars # and H, passing under the center post. In Fig. 474 
the conduit is suspended by straps, S, and turnbuckles, 7, 
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from a steel suspension cable. Extension bar (Fig. 475), 
may for small-diameter conduits, be profitably substituted 
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Fie. 471.—Vertical conduit sup- Fie. 472.—Clamp supporting conduit 
ported with forged, wrought-iron on face of column. 
yoke. 
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Fig. 473. —Truss support for large conduit. 
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Fig. 474.—Steel-cable suspension for an aerial conduit. 


for the turnbuckles and straps. Several parallel runs (Fig. 
460) may be supported by a tandem hanger (see also Fig. 459). 
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Nore.—Tur Suspension Metuop Is AppiicaBL—e To Very Lone 
Spans, whereas the trussed support is suited only to relatively short 
spans (about 30 ft. being the maximum). When trussing is employed, 
the end clamps (H, Fig. 473) should be located near to the points where 
the conduit is supported from above or from below. 
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Fie. 475.—Long conduit span supported by messenger wire and extension 
bar hangers. The City-Of-Chicago wiring rules provide that every length of 


conduit must have its own support. The above arrangement satisfies this 
requirement. 


217. In Supporting Cabinets In Exposed Conduit Wiring, 
those cabinets which have provision for the attachment of the 
panel in them (Fig. 477) are best supported directly against 
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Fira. 476.—Mounting board in place Fiq. 477.— Cabinet 


installed on 
ready for mounting cabinet. 


mounting board. 


the wall or partition surface. They may be held with wood 
screws on a wooden surface. On a masonry surface, they 
may be held with wood screws or preferably, with lagscrews 
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or machine screws, all of which turn into expansion anchors. 
Where an ordinary stock sheet-metal cabinet is employed 
for containing porcelain-base cutouts or porcelain-base cut- 
outs and switches, it is then 
best, if it is to be carried on a 
masonry surface, to mount the 
cabinet on a wooden mounting 
board (Fig. 476). The porce- 
lain blocks (Fig. 478) are held in 
the cabinet with long wood 
screws which pass through holes 
in the cabinet back, which are 
made (Fig. 477) by the wireman “2 o/t-.. |, 
to accommodate them, and into Pea 
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Fig. 478.—Porcelain cutouts mounted in cabinet. 

Fic. 479.—Supporting a cabinet on a reinforced-concrete column with hook 
bolts. Four holes are bored in the concrete column. The hook ends of the 
threaded hook bolts are inserted into the holes until they engage the spiral 
reinforcing steel. The holes are then filled with cement. (L. K. Comstock & 
Co., New York City.) 


the mounting board. In Figs. 479 and 480 are shown two 
good exposed conduit cabinet installations. 


Norr.—In Maxine Tut Horns In A Casrnet Back For Tot Woop 
Screws, lay the cabinet on the floor or bench and place the switches 
and cutouts in their proper positions in it. Mark the locations of the 
wood-serew holes with a nail, scratching through the screw holes in the 
porcelains onto the back of the cabinet. Spot the holes with a center 
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punch. Drill the holes in the cabinet back with a twist drill which is 
somewhat larger in diameter than that of the wood screws which will be 
employed. 
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Fig. 480.—Distribution cabinet with associated pull boxes above it. The 
provision of the pull boxes, P, in conjunction with the cabinets insures a more 
economical and sightly installation. (Hotel Gibson, Cincinnati, Ohio; 
Bert L. Baldwin & Co., Cincinnati, engineers; A. S. Schulman, Chicago, 
contractor.) 


Notr.—A Bir Extension May Br Usrp For Drivine LAGscREWSs 
In ConFINeD Puaces (Fig. 481). Often the lagscrew holes in the backs 
are very close to the corners of the sheet-metal cabinets. _Hence an 
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IESection of Head TLEnd View Of Head 


Fre. 481.—Bit extension used for driving in lag screws in restricted places. 


ordinary wrench can not be used. By using a bit extension of the type 
shown the lagscrews may be turned in readily. 


218. The Support Of Pull Boxes On Reinforced Concrete 
Ceilings sometimes becomes difficult because, in drilling 
holes for expansion bolts, the wireman often strikes reinforcing 
steel bars. One solution to this problem is the drilling of 
holes in the conerete before drilling the pull box. Whenever 
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a reinforcing bar is struck a new hole is drilled where it also 
can be used to support the box. In another method (Fig. 482) 
the boxes being first fitted with the steel strips, S, shown in 
ITI, are supported temporarily from the 
floor, against the ceiling. Then the lagscrew 
holes are drilled in the concrete. If the drill 
strikes a reinforcing rod in the concrete, it 
is only necessary to drill at some other point 
equally distant from the corner of the cab- 
inet and to shift the iron strip around, as 
shown in Fig, 482-I/. 
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Fia. 482.—Scheme for supporting a pull box from Fie. 483.—Showing 
a reinforced-concrete ceiling. how a starting com- 
pensator, relay box, 
and fuse box may be 
assembled in the elec- 
trician’s shop. 


Norr.—In Instattinc Moror-Starting APPARATUS, much time 
can be saved by assembling the several pieces onto a steel support 
(Fig. 483). This work may be done in the electrician’s shop where 
better facilities are available than on the job. The installation of the 
starting apparatus then requires only the drilling of four holes for sup- 
porting the framework. 


219. In Making Attachments With Screws To Masonry 
Surfaces (brick, stone, or concrete) a hole is first drilled in 
the surface at the point of attachment. Then into the hole 
is inserted either: (1) A wooden plug (Fig. 484). (2) A soft 
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metal plug. (3) An expansion anchor. A wood screw (for 
light loads), or a lagscrew for heavy loads, is turned into the 
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Fig. 484.—Wooden plug for insertion in masonry surfaces, to provide for 
the attachment of objects with wood screws. An ordinary taper plug, as at J, 
will usually be or become loose. But a wedge plug, IJ, IJI and IV, will 
often provide a satisfactory attachment. The wedge plug is made by cutting 
a slit in the small end of the plug with a knife and, prior to driving, inserting 
in the slit a properly shaped sliver of wood. This sliver acts as a wedge when 
the plug is driven “home,”’ as in JJJ. 


plugged hole to effect the attachment. The holes may be 
drilled with a hand drill (Fig. 485) and hammer or, if there are 
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Fie. 485.—Four-point, pointed-face star drill for concrete. 


many holes to be made, an electric drill (Fig. 486) or an air 
drill will prove a profitable investment. 
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Nore.—For Puuaeinc Tue Horns, commercial lead, or for large 
sizes malleable iron, expansion anchors (see the author’s “Machinery 
Foundations and Erection’’) are preferable and economical. Impro- 
vised metal plugs, as described below, are satisfactory but not economical. 
Wooden plugs (Fig. 484) always tend 
to dry out and become loose; hence 
should be avoided. If wooden plugs 
must be used, they should be made as 
in Fig. 484-17, -II and -IV. fourPoint oll Heovy 

Notr.—In Sevectina Drinus For qe 
Maxine Smatt Hortzes In Masonry, 


a four-pomt star drill with a pointed / |e 
face (Fig. 485) will prove most satis- Re 
factory for all around work. This is Hectric.” He,t = 
the best drill for concrete. It is regu- a 
larly manufactured in diameters of eh Bi: | 
from 1 in. down to }4in. For making ?%4"---- Ne i 
holes in brick the drill of Fig. 487 works ia 
very well. A good stone drill (Fig. 488) Op ae \ 
should have a pointed face. An impro- Studding | ; 
vised drill (Fig. 489) can be readily il 
forged from tool steel stock. Drillsfor Thercussive | Eee 


concrete should not have their cutting 
; Fig. 486.— Electrically-oper- 
edges tempered too hard or they will ated percussive drill adapted for 
break badly. First temper the cutting making attachment holes in con- 
edge “‘rather soft’? and then harden crete ceilings. The use of this 
it as the cutting proceeds, if justified. ®!7@ngement is more economical 
; Pica: i: and safer than working from a 
When a large diameter ole is to © stepladder. 
drilled, first drill a guide hole with a 
small drill and then finish with a large drill. Always use as small and 
as short a drill as will suffice. 
Norre.—Imerovisep Mrrat Pruces For ArracHMEent Screw Hors 
may be made by the wireman if the commercial lead (or iron) expansion 
anchors are not available. The commercial anchors are always the most 
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Fie. 487.—Brick drill, suitable only for drilling relatively soft masonry. 


desirable and economical. A satisfactory plug may be made by using 
a piece of sheet lead which should be packed tightly in the hole by ham- 
mering on it. Use a large nail which has its point sawed off square, or 
a square end punch, for driving against the lead. Solder wire can be 
driven into the hole to fill it, if lead is not at hand. Preferably, the 
sheet lead should be rolled into a cylinder prior to its insertion into the 
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hole. After the hole bas been packed full of the soft metal, make a 
hole in the metal for the reception of the wood screw. Do this by 
driving a nail or center punch into the center of the metal. The screw 
hole should be somewhat smaller in diameter than that of the wood 
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Fig. 488.—Pointed-face stone drill. This is regularly manufactured in 
diameters of from 3¢ in. up to 134 in. and in lengths of 12, 18 and 24 in. 


screw. Do not make the screw hole too large or the attachment will 
be insecure. 

Nots.—A Very Secure Merat-Piug ATracHMEntT (Fig. 490) may 
be made thus: For example, drill a 144-in. diameter hole 114 in. deep 
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Fie. 489.—Homemade hand drill for masonry. This tool will work 
fairly well in concrete. In an emergency, one can be forged from steel rein- 
forcing bar. 


in the masonry. Now, on a 2 in. X 3¢-in. flat-head stove bolt, wind 
spirally wire solder for about 34 of the length of the bolt. Insert the 
solder-wound bolt in the hole. Next drive with a hammer against the 
solder in the hole using a piece of 3-in. gas pipe about 5 in. long, which 
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Fie. 490.— Method of holding an attachment bolt with a solder-wire anchor. 


has had its working end hammered down so that the round hole in it 
will just admit the stove-bolt shank. This hammering compacts the 
solder and secures the bolt in the hole. _ Long stove bolts and relatively 
deep holes are preferable; if the hole is too shallow the masonry is liable 
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to break out at the surface. After the attachment has been effected 
(Fig. 491) by screwing the nut on the bolt, the portion of the bolt which 
then extends beyond the nut may be cut off with nippers or bent off 
with pliers. For supporting heavy loads, a carriage bolt (or a machine 
or stove bolt which has a washer under its head) may be installed as in 
Fig. 490. Sheet lead may be used instead of solder wire. 
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Fie. 491.—Attachment with anchored stove bolt. At A the stove bolt ends 


are shown extending. At B the nuts have been put on and the surplus bolt 
ends cut off. 


QUESTIONS ON DIVISION 6 


1. Give and explain four reasons for employing exposed conduit in the wiring of 
buildings. | 

2. Which is better suited for exposed work, rigid or flexible conduit? Why? 

3. Why is exposed conduit frequently employed for service-entrance wiring when 
other wiring systems are employed for the remainder of the wiring in the building? 

4. What rules must be observed in using exposed conduit for service-entrance wiring? 

5. When is exposed conduit often employed for parts of other wiring systems? 
Draw a sketch of such a combined system. 

6. What construction must be employed at points where wires emerge from conduit? 

7. Why is exposed wiring along fireproof walls often run in conduit? 

8. Why are conduit fittings so widely employed in exposed conduit wiring? Name 
some uses to which these fittings may be placed. Name as many wiring devices as 
you ean that can be held in conduit fittings. 

9. Are pull boxes often employed in exposed conduit wiring? Why? 

10. Name the two classes into which exposed conduit wiring may be divided. What 
are the characteristics of each class? 

11. When are combinations of the two classes of exposed conduit wiring used and 
why? 

12. What means are generally employed for the support of surface exposed conduit? 

13. What is the usual spacing of supports for conduit? When should closer spacing 
be employed? 

14. How may conduit be supported against a hollow-tile surface? Draw a sketch to 
illustrate. 

15. Show by a sketch how conduit may be held to the flange of an I-beam. 

16. Draw a sketch to show how a pipe strap may be held to a surface with only one 
screw. 

17. Describe how hangers are cast into concrete floor slabs for the support of exposed 
open conduit. What materials are used for the hangers? 

18. Explain, with sketches, how conduit is fastened to hangers which have been cast 
into concrete floor slabs. 

19. Explain how you would select the proper extension bar for supporting a single or a 
multiple conduit run. 

20. Describe the two classes of support that are most useful for attaching conduit runs 
to structural steel members. 

21. Explain, with sketches, how U-bolts may be made. 
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22. Draw sketches of a number of useful connections for fastening conduit to struc- 
tural steel members. 

23. Explain and draw sketches of two methods of carrying conduit over large spans. 

24. Which of the methods given in answer to the preceding question is more widely 
applicable? Why? 

25. Explain the difficulties which are often encountered in supporting pull boxes under 
concrete floor slabs. Describe, with sketches, two methods for overcoming these diffi- 
culties. 

26. How may the work of installing motor-starting apparatus in an exposed conduit 
job be simplified? Draw a sketch to illustrate. 


DIVISION 7 
INSTALLING THE CONDUCTORS IN THE CONDUIT 


220. The Conductors Should Not be Installed In The 
Conduit Until All Mechanical Work In The Building Has 
Been Completed, as far as possible (Rule 5037, N. E. C.). 
Usually they are installed after the plastering has dried and 
hardened. If mechanical work, such as nailing, is permitted 
after the insertion of the conductors, there is a possibility 
that the nails may penetrate the conduit or that the conduit 
may be mashed together. Such actions would in all proba- 
bility wedge the conductors, in the conduit and prevent their 
removal, thereby defeating one of the purposes of the conduit. 
If a nail were driven into the conduit it might, in addition 
to the above, cause a short-circuit between the conductors 
which would necessitate their removal. 

Note.—Tue Nationat ExvecrricaL Copr Rute 503e specifies that 
interior conduits ‘‘must be first installed as a complete conduit system, 
without the conductors.”’ In other words, the contour and layout of the 
conduit runs must be such that the conductors can be inserted or with- 
drawn at any time. The reasons for this requirement, are the same as 
those for Rule 5037 stated above. A full discussion of the ‘‘Code”’ is 
given in the author’s ‘Wiring For Light and Power.” 


221. Identifying The Two Conduit Cases Of Each Conduit 
Run is frequently one of the first steps preparatory to fishing; 
that is, the wireman should know at what conduit case each 
of the runs, from the distribution box at which he is working, 
terminates. When, as often occurs, there are many conduits 
entering the same distribution box, it is sometimes difficult 
to identify in the box the certain conduit which it is desired 
to fish which extends from some conduit case in a distant 
room to the box. One of the best methods of thus locating 
the given conduit is that described in the following example: 

Exampui5.—lIt is desired to know which of the conduits terminating 


in the panel box B (Fig. 492) extends from outlet box O in a distant room. 
281 
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The conduit run, OH, can be identified by inserting the hose of an air 
pump, P, into the mouth of the conduit in the distant room as shown in 
the illustration and then operating the pump. Meanwhile the wire- 
man’s helper by passing his thumb successively over the mouths of all 
the conduits which enter B, can thereby easily detect, by virtue of the 
escaping air, the one through which P is creating a pressure. Sometimes 
it is advisable to moisten the thumb, when holding it over the holes in 
the bushings, so that the conduit sought may be more readily identified. 
While the thumb will cover the hole in a bushing of a one-half-inch con- 
duit, it will not close the orifice of bushings for conduits of the larger 


Conduits Embedded 
In Partition..- Sera 


Automobile 
= -= Pump 


Fia. 492.—Method of tracing conduit runs with pneumatic pressure. 


diameters. Hence, for these larger-diameter tubes, a piece of cardboard 
large enough to cover the bushing orifice should be provided. Then in 
this cardboard dise a }4-in. diameter hole, which the thumb ¢an easily 
cover, should be pierced. To identify a conduit with the cardboard disc, 
it is held with the thumb over the hole in it in succession over the different 
conduit ends in the distribution box. 


222. The Methods Of Installing Conductors In Conduit 
Runs which are in position, may be classified under two head- 
ings: namely; (1) Drawing, (2) Pushing. Drawing consists 
in pulling the conductors into the conduit by means of a 
pulling-in line (Sec. 262) of some sort, to which the conductors 
have been temporarily attached. Pushing consists in forcing 
the conductors through the conduit run, from one of the 
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outlets by exerting manual pressure on them. This method 
is applicable only where the conduit run, in which the con- 
ductors are to be installed, is short and straight. It can be 
used to advantage where No. 14 solid rubber-insulated twin 
wire is installed. Of the two methods that of drawing is 
most commonly used, since the instances in which the method 
of pushing can be followed advantageously are comparatively 
few. 

Notrs.—AnotTuer Murnop OF Instattine Conpucrors In Conpurt, 
CaLLeD THREADING, consists in pushing the conductors through the 
conduit as it is erected length by length. This method is used to some 
extent in England and on the continent but the ‘‘National Electrical 
Code” (‘“‘N. E. C.’”’) in the United States does not permit its use. The 
objections to this method with the ‘‘N. E. C.” ruling are given in Sec. 
220. 

223. The Conduit Must Be Fished If the conductors are to 
be drawn into it. By the term “fishing”’ is meant the process 
of forcing a stiff wire or cord (fish wire) from one conduit case 
through the conduit system to another conduit case. After 
the conduit has been fished, the insulated conductors can be 
pulled into it either with the wire or cord used in fishing, or 
with a stronger flexible line (pulling-in line), fish wire, or cord. 
In either case the fishing process must precede the pulling-in 
process. 

Notre.—F ising Tur Conpuir Is Nor Necussary, when the conduc- 
tors are pushed into it. This procedure is economical for short runs 
containing only one or two bends; such as the runs from a wall switch 
outlet to a ceiling or bracket outlet. However, for longer runs or runs 
with more bends, it is more economical to first fish the run and then draw 


in the conductors. The wireman will soon learn which runs are more 
economical to ‘‘push”’ and which are not. 


9224. It Is Best, Where Possible, To Fish Toward The 
Distribution Cabinet from the conduit box or fitting which 
it is desired to fish. With this method it is not necessary to 
identify the conduit box or fitting because the wireman knows 
he must come out at the distribution cabinet. Another 
advantage of this method is that the fish wire, provided the 
conductors are fed in at the distribution cabinet (which is 
the desirable place for feeding them), can be drawn back by 
the wireman who is doing the fishing. This eliminates the 
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necessity of having to carry the fish wire from one wireman 
to the other. When pulling-in conductors, they should be 
fed in at the distribution cabinet because with this arrangement 
the coils of wire need not be carried from conduit box to 
conduit box. All can be concentrated at one location, from 
which many outlets can be “pulled.” 

Norn.—In Fisutne SHort Runs, WHicu ExtEnD BETWEEN A CEILING 
Ourtet Anp A Watt Swrrcn, itis usually advisable to fish from 
the switch outlet to the ceiling outlet. With this method the wireman 
doing the fishing may stand on the floor and not on a stepladder. How- 
ever, in large-sized conduits, since it is difficult to fish a wire up a run, 
the process may have to be reversed. The conductors in all cases should 
be fed in at the ceiling outlet. 

225. The ‘‘Fishing’”? And ‘“‘Pulling-In’”’ Of A Run Generally 
Follow One Another In Immediate Sequence.—By this is 
meant that one run is first fished and then pulled-in before 
another is fished. This arrangement is much more economical 
than that of first fishing all the runs and then pulling-in all 
of them. In some installations, certain conductors are not 
to be installed immediately. Where this occurs, it isadvisable, 
and often required in the specification, to fish the run and 
leave a pulling-in line in the conduit. This should be done 
to guard against obstructions and omissions in the conduit 
system. It is more economical to cut out an obstruction in a 
conduit system while the building is being constructed than 
to do so after it is completed. 

Norr.—Brrore Fisaine Anp Puuiine-In Conpuctors, ALL 
ARRANGEMENTS SHOULD Br Manz so that the work can proceed without 
interruption. The work should not be started until practically the 
entire building is in condition to receive wire. An adequate supply of 
wire and the necessary tool equipment must obviously be on hand. 
Wiring plans (Sec. 76) should be furnished to the wiremen showing the 
exact run of all wires and the number of wires in each conduit. This 
allows the contractor to study the layout with a view to economies and 
also avoids interruption of the work. The pulling-in of the wires should 
not be interrupted to skin ends or make splices, although splicing may be 
started by a separate gang after the pulling-in is well under way. 

226. The Branch Circuit Wire is easy to provide for since 
it can be bought in standard lengths; usually in 500-ft. coils. 
The coils can then be thrown on reels (Sec. 227) and spun off 
easily as the wire is fed into the conduit. Usually a No, 14 
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wire is used for the lighting branch circuits although No. 12 is 
sometimes employed for long runs. Either single or twin 
conductors may be used. The use of single conductors will 
often be found more economical than that of the twin con- 
ductors. The single conductors will pull more readily, 
especially where a considerable number are to be installed in 
the same conduit. Also, two single-braid single conductors 
are usually cheaper than a twin conductor. 

Nore.—DirrerRENtT Cotorep Braws For Tue Grounpep AND 
UNGROUNDED ConpucTors are used in polarity wiring (Sec. 293) as 
required by the new ‘‘Code.” The use of braids of two colors renders 
.polarity wiring as simple as ordinary wiring (Sec. 290). Either single 
or twin-marked conductors may be used, but the single conductors are 
usually the more convenient. 

227. Special Reels Should Be Used For Carrying The Coils 
Of Small Wires Which Are Being Pulled Into Conduit.— 
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Fya. 493.—Easily-running twin-wire reel. (The two cross sticks, S, are 
fastened together at the center and rotate around a bolt on the 4 casters. 
The sheet-steel disc, D, resting on two timbers forms a smooth track for the 
casters. The guide arm, A, through which the conductors are passed, 
minimizes twisting and kinks.) 


The reels, described later, prevent kinks and tangles from 
forming in the wires. They should be used wherever 
possible. They are particularly desirable where a number of 
conductors are being drawn into the same conduit. The 
time they save, even on short runs, more than justifies their 
expense, Improvised reels (Figs. 493, 494, and 495) can be 
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Fig. 494.—Reel for conductors which: are being pulled in. (The slats, 


16 in. by 1 in..by 20 in., comprising the cylindrical portion of the drum, are 


nailed to the two discs, Di and Do, projecting over disc, D3, which is removable. 
When mounting a coil of wire on the reel, the reel is taken from the frame, 
the removable disc, D3, drawn out, and the coil of wire placed on the drum. 
The timbers, 7’, are made heavy to prevent tipping.) 
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Fira. 495.—A multiple-reel arrangement used where three wires are being 
pulled in simultaneously. (One end wheel of each reel should be held in its 
reel with wood screws, so that it ean be removed readily to provide for the 
mounting of a coil of wire.) 
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made at but a small cost. The details for the reel of Fig. 495 
are given in Figs. 496 and 497. A commercial reel manufac- 
tured by the Wiring Equipment Co. (Fig. 498) has given very 
satisfactory service. It is similar in operation (Fig. 499) to 
the improvised reel illustrated in Fig. 493. 
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Fig. 496.—Reel unit assembled. Fie. 497.—Detail of end wheel for 


pulling-in reel. 


Notrs.—I Resets Arp Not Usep, Onze Or Two Procrepurrss Must 
Br Foruowep: Either the wires must be fed from the coils laid loosely. 
on the floor or the length of wire necessary for the run must be wound out, 
laid on the floor, and cut off before being drawn into the conduit. By 
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Fra. 498.—Reel made by the Wiring Equipment Company. (It is made in 
two stock sizes of 12 in. and 24 in. outside diameter.) 


the former method, tangles and kinks in the wires are unavoidable and 
much time is lost in correcting them. In the latter method, considerable 
time is lost in laying out the wires and also much wire is wasted by cutting 
the lengths of wires too long. Both methods are wasteful, even on short 
runs, and should not be employed unless it is impossible to use a reel. 
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Notr.—Tur Typer Or Reet Suown In Fia. 493 Has Toe ADVANTAGE 
over those shown in Figs. 494 and 495 that the coil of wire can be placed 
directly on the reel without disassembling any part of the reel. In the 
types shown in Figs. 494 and 495 the cylindrical part must be disassembled 
in order to place a coil of wire on the drum. However, the reels of Figs. 
494 and 495 can be used to mount 
several coils of wires, while the other 
(Fig. 493) cannot. The multiple 
reel arrangement (Fig. 495) is not 
recommended because it requires too 
much space and is not very rigid in 
construction. It is usually advisable 
to use one reel for the several coils 
(Fig. 449) or to use several separate 
reels. 


---Conductor Being 
Pulled-In 


228. Large Feeder Con- 
ductors Can Be Handled 
More Economically If Ordered 
To The Exact Length required 
for the run. The measuring 
and cutting of feeder cables on 
the job should be avoided as 
ra) ed much as possible. The deter- 

mination of proper feeder length 
ere measurements, by snaking (fish- 

: ing) a conduit and then meas- 


ay uring the snake is not very 
weN difficult. But at the time the 


ie SE ESE =) 


wire arrives on the job there 
is seldom a good opportunity 
for uneoiling the wire and 
io measuring it. When this is 
Fia. hae Com- done, additional reel equip- 

ment and measuring instru- 
ments are usually necessary for good results. It is usually 
advantageous to have all the legs of large feeders wound 
in parallel on one reel. This arrangement reduces handling 
and makes it possible to set up the reel at one point 
and, after the pulling-in rope or cable has been drawn through 
the conduit, to pull in the feeder in one operation. Thought 
must be given to the weight of the resulting reel, and if it 
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is too big to handle easily, the individual legs must be wound 
each on separate reels. Most wire companies will cut large 
cables to measurement and will accomodate the contractor’s 
wishes in the matter of mounting the cables on reels. 

Nore.—In Sperrine Up Huavy Reets Or Caste, the strength of the 
floor construction where the reel is placed should be considered. It is 
preferable to place the reel over a steel beam rather than in the middle 
of a span of floor arch. When setting a reel in jacks, firm bases for the 
jacks must be provided, or some other provision made, so that the reel 
will not topple over. 

Nore.—As Wire Companies Cuarce For Tau Resets on which 
cables are mounted, proper attention should be given to the disposal of 
empty reels. They should not be thrown out for junk, but instead should 
be accumulated until enough of them to make up a load are obtained. 
Then, they may be shipped back for credit. If the lagging can be pre- 
served, it should be nailed back in place on the reel, as it also is charged 
for and can in this manner be salvaged. 

229. Before Fishing Can Be Effected, Obstructions, If 
Any, Must Be Cleared From The Interior Of The Conduit. 
It sometimes occurs, often in an inexplicable manner, that 
foreign matter finds its way into the interior of a conduit 
run. Gobs of plaster or cement thus lodged inside of the 
duct may cause a great deal of trouble. In reinforced con- 
crete buildings, where the conduit installation progresses 
with the concrete construction, these barriers inside of the 
conduits are likely to be encountered. Such difficulties may 
be minimized if the wiremen will carefully close the ends of 
the conduit runs when they leave the work (Sec. 61). But 
even if this practice is followed, such obstructions are sometimes 
encountered. Obviously, before a fish wire can be pushed 
through a conduit the obstructions must be cleared. 

230. The Methods Of Clearing May Be Discussed Under 
Six General Headings, thus: (1) Manual clearing. (2) 
Pneumatic clearing. (8) Clearing by explosive percussion. 
(4) Clearing by chemical action. (5) Hydraulic pressure 
clearing. (6) Clearing by cutting into the conduit run. Each 
of these will be treated in the subsequent sections. 

231. In The Manual Clearing Of A Conduit Run, to free it 
from obstructions, a fish wire is inserted into the conduit and 
pushed until its end butts against the obstruction. Then the 
wire is worked to and fro in an effort to dislodge the obstacle, 
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Where the particle stuck in the duct is small and does not 
adhere tightly, the manual method will be satisfactory. 
But in general it is not very effective. 

232. In Clearing A Conduit With Compressed Air, a force 
pump (Fig. 520) (which should preferably be of the design 
used by plumbers and gas fitters for forcing obstructions 
from pipe) is connected to one end of the obstructed run and 
the pump is operated. The pressure thus created against the 
obstacle tends to dislodge it. With the air pumps used by 
plumbers, it is possible to establish considerable pressure 
within the reservoir connected with the pump, and then by 
opening a releasing valve allow this pressure to impinge against 
the obstacle. The high pressure thus suddenly imposed is 
much more effective than a continued pressure of low intensity. 
An air compressor, if available, should be used as it is more 
desirable than the force pump. 

Notre.—Tue Pneumatic Mertuop Is ExrremeLty EFFrEectTivE in 
clearing conduits of small readily detached particles, but it will seldom 
remove firmly attached obstacles. The method can be used to remove 
the debris from a conduit after an opening has been forced through the 
obstruction by some other method. This debris if allowed to remain 
in the run might injure the conductors. 

233. In Clearing A Conduit: By Explosive Percussion a 
blank cartridge is discharged through the offending conduit. 


$40 


" F Ears 
x Conduit to # Pipe Cap----..5 
Be Cleaned-. 


Blank Cartridge 


Fie. 500.— “Gun”’ for shooting obstructions from 14-in. conduit. 


This method owes its effectiveness to the suddenly imposed 
impulse caused by the explosion which tends to break the 
bond between the obstruction and the walls of the conduit. 
In Figs. 500 and 501 are shown the details of an improvised 
“gun,” which is attached to one end of the obstructed conduit, 
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whereby the cartridge is discharged through the conduit. 
In order that the gun be assembled tightly, it is desirable to 
“square off” the edge of the faces of the caps, A and B. For 
conduits of the smaller diameters, where the length of run is 
short, a 0.22 caliber cartridge is ordinarily ample, but for 
conduits of the larger diameters or where the conduit run is 
long, bigger cartridges up to possibly 0.44 caliber may be used. 
To clean a 14-in. conduit with this gun, the device is assembled 
on the end of the conduit (Fig. 500) with the cartridge in 
position. For a 34-in. conduit the 
gun is mounted as shown in Fig. 
501. The cartridge is discharged ~ 
by striking the nail firing pin, N, [------ 

a smart blow witha hammer. The \_=----- 

conduit serves as a barrel for the [ssl 
piece. It is imperative, to insure 
safety, that the workman remain 


M--.277 Conduit To Be Cleaned 


M Hole For Cartridge : 
. A < Hole For ‘ 
out of line with the pipe cap end TOhigrats 


of the gun when it is being fired, as F1¢. 501-—Gun for shooting 


34-in. conduit. 


the effect of each shot until the 
conduit is cleared, is dissipated largely by a discharge through 
the firing pin hole. 


Nore.—TH PERFORMANCE OF THE ConpuiIT CLEARING GUN may be 
gaged from the following case which was reported by Mr. Ismond. In 
one installation a run of 300 ft. of conduit having in it two 90-deg. elbows 
was cleared with two shots. The first shot, which apparently loosened 
the principal obstruction, discharged portions of chips, corks, rag, and 
plaster. The second shot forced out a hunk of concrete which about half 
filled the tube. 


234. Clearing Conduit Runs By Chemical Action is a method 
which is not to be generally recommended, although it has 
- heen used with apparently good results in certain instances. 
With this method, some acid solution which will dissolve or 
loosen the plaster or cement, which has accumulated inside, is 
forced into the conduit. Vinegar in one instance was used for 
this purpose and it dissolved in twelve hours an obstruction 
which defied other methods. A dilute solution of hydrochloric 
acid may also be used. The objection to the method is that 
the acid solution may have some deleterious affect on the 
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interior surfaces of the conduit, the extent of which it is 
difficult or impossible to ascertain. Care should be taken that 
the acid is sufficiently dilute that it will not affect the conduit. 

235. The Hydraulic-Pressure Method Of Clearing Conduit 
consists in forcing, with a suitable pump (for example, a 
hydraulic force pump like that used by plumbers or for gage 
testing), water under pressure into the conduit against the 
obstruction. By this means relatively enormous pressures 
can be exerted. It might be desirable, in certain instances, to 
force acidulated water into the conduit so that the combined 
effects of hydraulic pressure and chemical action might be 
utilized. This method also has the objection that it tends to 
leave water inside of the duct which may subsequently cause 
trouble. However, practically all of this moisture may be 
driven out of the conduit by forcing the water from it with a 
force pump and continuing the action of the pump until the 
interior of the conduit becomes practically dry. To thus dry 
the conduit, a vacuum cleaner may be employed to advantage, 
for either drawing or forcing a current of air through the 
conduit. The method shown and 
described in Sec. 277 may also be 
used. 
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Fie. 502.—Method of open- 
ing and repairing choked con- 236. In Cutting Into A Conduit 


duit to remove obstruction. Run To Remove An Obstruction 
the method suggested in Fig. 502 can, if the run is exposed, 
be followed. At J the obstruction, O, is shown within the 
conduit. Its location in the conduit can be determined by 
inserting a fish wire from the nearest outlet to the obstruction, 
measuring the length of fish wire thus inserted and laying it 
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off along the route of the run. After the point of obstruction 
has been thus located the conduit is cut through, as shown at 
IT, with a hacksaw at a distance of 4 to 6 in. on each side of 
the obstruction. Then this section of conduit is taken out 
and it should contain the material which caused the clog. 
To repair the break, sleeve, S, which will fit snugly over the 
original conduit is cut, placed and secured in position at 
the point of the break, as shown at IIT. 

237. Fishing Methods May Be Classified Into Three 
General Divisions, as follows: (1) Manual wire fishing (Fig. 
503). (2) Pneumatic fishing (Fig. 520). (3) Machine fishing 
(Fig. 528). In manual wire 
fishing, a steel wire or ribbon is 
forced by hand through the 
conduit from one conduit case 
to another. In pneumatic fish- 
ing, a fish line is forced with 
air pressure through the con- ; 
duit from one conduit case to Fig. 503.— Fishing ribbon buckled 
another. In both these methods, Ls ct ha: 
the conductors or the heavy pulling-in lines (if the runs are 
difficult to pull in) are manually drawn into the conduit by the 
fish wire. The pulling-in line (if used) is then employed to 
draw in the conductors. In machine fishing (Fig. 528), a 
flexible spring-steel ribbon is impelled through the conduit run _ 
by a specially designed machine. Then the conductors or a 
pulling-in line can be drawn into the conduit as the machine 
winds back the tape. 


Steel Fishing Ribbon 
V 


Nore.—Heavy Runs SHoutp Not Be Putten Intro THE Conpvuir 
Wirx Tue Fisu Rison because such a treatment will tend to abstract 
the “life” from the steel. Although the steel ribbons used for fishing 
are very strong (considering their cross-sectional areas) and will sus- 
tain a surprisingly large stress without rupture, they will lose their 
‘‘springiness”? and hence be valueless if they are strained beyond the 
elastic limit. Experience has shown that this elastic limit can be 
exceeded more readily than is usually believed. However, as the fish 
ribbon is cheap compared to labor costs, it is often economical to pull in 
runs with the ribbon and use a new one when necessary than to spend the 
additional time required for attaching a pulling-in line and drawing it 
through. 
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238. The Kind Of Wire To Use For Manual Wire Fishing 
depends somewhat on conditions. Ordinary No. 12 or 14 
round galvanized steel wire (often incorrectly called galvanized 
iron wire) can be used for fishing short runs. For long runs, or 
runs where it is desirable to employ the fishing wire as a pulling- 
in line for relatively large conductors, No. 10 galvanized steel 
wire can be employed. These wires can be obtained at most 
hardware stores or electrical supply houses. For most 
effective fishing, a spring-steel ribbon or tape about 14 in. 
wide and 0.03 in. thick is desirable. Due to the high temper 
and springiness of these tapes, they can be shoved a greater 
distance, without kinking, than can the galvanized steel 
wire. Hence, with them, less time is required for fishing. 
These steel fish ribbons can be obtained in lengths up to about 
200 ft., but a length of 50 ft. is most suitable for average use. 
The dimensions of the different sizes of fish tapes or ribbons 
are given in the author’s “American Electricians’ Handbook”’; 
hence they will not be repeated herein. Information relating 
to wire fishing in old buildings is given in the author’s “ Wiring 
Of Finished Buildings.”’ 


Notrre.—A TwisTeED GALVANIZED STEEL WIRE is well suited for 
fishing conduit. A piece of ordinary galvanized steel wire, about twice 
the length of the desired fishing snake, is taken and doubled back inthe 
middle. A large spike is placed in the middle of the length where the 
wire is doubled back and the wire and spike held in a vise. The two 
loose ends of the wire are then clamped in the chuck of a brace and, by 
means of the latter, twisted tightly to resemble any twisted pair or 
lamp cord. The twisted pair is much stiffer than fish tape, but it is 
sufficiently flexible for fishing. It has, for certain conditions, been found 
better than ordinary fish tape because it remains straighter and does not 
coil or snarl up as readily as does the fish tape. 


239. Strips Of Rattan Are Sometimes Used For Fishing 
large-diameter conduits. The Brooklyn Edison Company 
has used lengths of rattan spliced together so as to form a 
reed 30 or 40 ft. long. This reed is used for fishing conduits 
from poles down into manholes and for fishing service pipes 
into buildings. These rattan fishing reeds are obviously 
applicable for only relatively short runs, say for 50 to 60 
ft. where the diameter of the orifice is about 2 in. or greater. 
A ball, turned from wood and fixed on one end of the reed, 
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insures that that end (the one which is first inserted in the 
conduit) will pass with minimum resistance through couplings 
and past the joints between conduits. 

Nore.—Cuatn May Be Usep For Fisuine Verticat Runs (Sec. 
266). A small chain ean be made to drop down a vertical conduit with 
little diffeulty. When in a partition, the noise made by the lower end 


of the chain as it is jiggled up and down will disclose its location almost 
exactly. 


240. The Contour And Arrangement Of Conduit Runs 
(Figs. 504 and 505) affect the cost of fishing and the time 


Bend Not Counted-. 
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Fie. 504.—Conduit run containing four “effective’’ bends and for which 
no pull box is necessary. 


required therefor. Every offset or turn introduced between 
conduit cases in a conduit run increases materially the difficulty 
of fishing that run. A run 100 ft. long without any turns or 


2 —————- 
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Fre. 505.—Conduit run which would have six ‘effective’? bends between 
outlets if the pull box were not inserted. 


offsets can be fished very readily with a good fishing ribbon, 
but a run 15 ft. long containing a number of offsets and turns 
may be difficult or even impossible to fish. When an endeavor 
is made to fish a conduit run which contains a large number 
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of bends, the fish wire buckles at one of the elbows (Fig. 503) 
instead of passing around it. Since there are a number of 
other turns between the elbow which is causing the trouble 
and the outlet from which the fish wire is being forced, it is 
impossible to exert a maximum longitudinal pressure on the fish 
wire by pushing on it where it enters the conduit. 

241. Furthermore, It Is Very Tedious To Pull Conductors 
Into A Run Which Contains A Number Of Bends.—Every 
bend introduced in a run between conduit cases means that 
just that much more. stress must be imposed upon the con- 
ductors in pulling them in. With a large number of bends, 
such a stress may become so excessive that the conductors 
may be strained and weakened. Therefore, their cross-sec- 
tional areas may be uniformly, or only at weak points, materi- 
ally reduced. Such reduction of section tends to cause local 
overheating of the conductor in the conduit when it is carrying 
current. It is for these reasons that the number of bends 
between conduit cases is limited by the ‘‘ National Electrical 
Code.” 


Notrre.—THERE SHoutpD Not Be Morse Tuan Tue EQuivaLEnt OF 
Four 90-Drec. BeEnps BETWEEN ConpuitT Caszs. In ‘‘Code” Rule 503f 
it is stated that a conduit run “must have not more than the equivalent of 
four quarter bends (right-angle bends) from outlet to outlet, the bends at 
the outlets not being counted.”’ The term “‘outlet”’ as used in Rule 503f 
of the ‘‘Code” means any place where access to the interior of the conduit 
system is provided. Thus itis any place where a conduit case is installed. 
In this text the term “‘conduit case” will be employed to convey this 
meaning instead of the term ‘‘outlet”” because the term ‘‘outlet’’ is 
reserved to mean only locations where energy-consuming, switching, or 
controlling devices are installed (Sec. 31). Hence, there is allowed, not 
counting the bends at the conduit cases, a 360-deg. change in direction 
of the conduit run between conduit cases. In Fig. 504 is diagrammed a 
run between the outlet boxes A and B which contains the maximum 
number of 90-deg. bends—that is, four—between conduit cases. Bends 
X and X near the outlet boxes are not counted. With the run shown in 
Fig. 505 there would be, were it not for the insertion of the pull box, P, six 
effective bends between the outlet boxes (conduit cases), but with the 
insertion of the pull box, which is itself a conduit case, there are only two 
effective bends between P and D and three effective bends between C 
and P; 


242. Manual Wire Fishing May Be Treated Under Two 
General Classifications: (1) One-way fishing. (2) Two-way 
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fishing. One-way fishing is that where but one fish wire is 
used and it is manipulated or pushed entirely through from 
only one end or outlet of the conduit run. Two-way fishing 
is that for which two fish wires, one pushed in from each conduit 
case of the conduit run, are utilized. The two wires are then 
manipulated until their hooked ends engage (Fig. 506) some- 
where inside of the conduit, after which one of the wires is 
pulled through by the other. 


y Conduit 


“Hooks Bent in End 
of Fish Wire 


Fig. 506.—Showing method of bending fish wire ends to insure engagement. 


243. Fish Wire Ends Must Be Rounded in some way or 
other if most effective work is to be done. If the square end 
of a ribbon or a round wire is forced into a conduit, such an 
end is liable to foul against the end of a conduit inside of a 
coupling. The ends of the conduits should be reamed to a 
bevel inside and should be screwed together in the couplings 
until they butt. This would minimize the possibility of 
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Fre. 507.—Loop formed in end of steel ribbon wire used for fishing conduit. 


fouling. However, in practice, the ends do not always butt, 
which results in the condition just described. Hence, the 
end of every ribbon fish wire should be rounded in some man- 
ner. The usual method is to form a closed loop on one end 
(Fig. 507). Such a loop will not only slide over the joints 
between conduit lengths, but it will also permit the ribbon to 
be forced more easily around elbows. Furthermore, the 
loop provides an eye whereby the conductors to be pulled in 
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(or the pulling-in line) can be attached to the ribbon. The 
loop should be about 14 to 34 in. long. 


Norr.—Tur Process Or Benpinc Tue Loop In THE FisH Rippon 


Enp is not generally understood. A good fish ribbon is made of tempered 
steel and it must be treated accordingly. Hence, to bend the loop in the 
end, it should be heated to a red heat, bent and then slowly cooled. 
Unless a proper bending method is followed, the steel will loose its temper 
and the eye bent in its end may pull open or be forced open when stress 
is imposed upon it. 

Nore.—Tue GALVANIZED STEEL WrrE Is Bent while cold. As the 
wire is not tempered, it need not be heated for bending as is desirable for 
the tempered fish ribbon. 


244. A Loop And Ball Fish Wire End (Fig. 508) is a varia- 
tion from the common design. A lead ball is cast on the 
end of the wire. This insures its easy passage through the 


_- Steel Fish Wire Lead Ball... 
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Fria. 508.—Lead ball cast around loop in fish-wire end. 


conduit. The ball is formed around a loop in the wire. 
Thus, an eye is provided to which conductors to be pulled in, or 
a pulling-in line, can be attached. Furthermore, loops of 
cord, as described in Sec. 247 and as used in double-end fishing, 
can be tied in the loop at the end of the ball. Some wiremen 
always twist a “longitudinal quarter turn” in the ribbon wire 
about 2 in. from the ball at its end. That is, they twist the 
ribbon through an angle of 90 deg. This, it is claimed, tends 
to permit the wire to pass more readily through the conduit. 

Norr.—Smatu Brass Batis Or Knoss are often riveted on the ends of 
steel fishing ribbons. Details of these balls or knobs are given in the 
author’s ‘American Electricians’ Handbook.” Fishing lines provided 
with such balls are easier to fish than those which have hooks formed on 
their ends. The balls are particularly desirable where flexible metallic 
conduit is to be fished. 

245. A Long-Radius Curl In The End Of A Fish Wire (Fig. 
509) facilitates fishing to conduit boxes. Where the fishing 
ribbon as ordinarily prepared is used for fishing to a ceiling 
outlet, the end FH (Fig. 509) is often blocked against the side 
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of the conduit box. Then a ladder must be obtained to 
disengage the ribbon or it must be drawn down from the ceiling 


yo Plaster Or Terra Cotta 


ee outlet" End Blocked 
Fish Wire Box Against Side 
of Box 


Ite. 509.—End of fish wire blocked against side of outlet box. 


with a hook of some sort. If a long-radius curl (Fig. 510) is 
first bent in the wire it will then, when its end comes out of a 


—_* 
SteelFish 
Aibbon--* 


Fig. 510.—Semi-circular end bent in loop for fishing to ceiling outlet boxes. 


conduit box, tend to curl down and out of the box (Fig. 511). 
Thus, the interference of Fig. 509 will not occur. 


Locknut., Bushing 


Knockout--” 
pe 
\Curled End 
Springs From 

Outlet Box 


Fra. 511.—Fish wire having curled end works out of outlet box. 


Notr.—A Guipe Tusr May Br Usrep ApvanTacrousty In FisHina 
From Convurt Boxes (Fig. 512). The tube, 7’, may consist of a piece, say 
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2 or 3 ft. long, of lead pipe, or of tin tubing such as is used in connecting 
bar or soda-foundation fixtures. It is necessary that the tube be of a 
ductile material so that it can be formed readily into the contour required. 
A guide tube thus used as two advantages: (1) It prevents the kinking 
of the fish ribbon in the conduit box, thereby forcing the ribbon directly 
into the conduit. (2) Where wall outlets are located so high above 
the floor that a ladder would ordinarily be necessary to reach them, the 
guide tube can, when fishing, be inserted into the conduit which enters the 
outlet box by reaching up from the floor. The use of a ladder is thereby 
rendered unnecessary. The tubing, where thus used, will guide the 
ribbon squarely into the conduit. 


¥. Lead Or Tin Pipe 


Fre. 512.—Lead pipe guide tube for fish wire. The fish wire is pushed in 
through 7’. 


246. Fish Wires May Be Lubricated, where long and diffi- 
cult runs are to be fished. The proper lubrication permits 
the fish wire end to slide much more readily through the con- 
duit. It thus renders possible the fishing of longer runs 
with less effort. The disadvantage of lubricating fish wires 
is that most lubricants which will adhere to the fish wire will 
also attack the rubber insulation on the conductors. Oils and 
greases are particularly objectionable and should never be 
used, since they in time will decompose the rubber insulation. 
However, kerosene, since it evaporates readily, may be 
employed if used sparingly and carefully. Paraffin is a good 
fish-wire lubricant as it does not attack rubber and is also a 
good insulator. Care should be taken not to use it in runs 
which are liable to heat, because the paraffin is easily melted 
and the hot paraffin is injurious to the rubber insulation; 
furthermore it may cement the conductors to the interior tube 
walls, 
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Nots.—To Lusricats A Fisn Wire with kerosene, it may be wiped 
as it is passed into the conduit with a small rag which is saturated with 
the kerosene. To lubricate the wire with paraffin, its forward end is 
rubbed on all sides with a piece of the wax, and the remainder of the wire 
can be similarly treated as it is forced into the conduit. 


247. In Two-Way Or Double-End Fishing a hook must 
be bent at the working end of each wire, or a hook can be bent 
in the end of one wire and a loop or eye in the end of the other. 
Similar devices can be adopted ye Conduit 
whereby the ends of the two 
wires can be forced to engage PEROT ee oe 
withimes the ‘conduit, In= one ".  ... hed 
mieihoue(Mip, 506), which has hendicg tchwie cede tor re 
been used successfully, each of Way fishing’ 
the fish-wire ends has a hook at its end but the free portion 
of the ribbon is bent sideways at an angle to the main line. 
Where hooks are formed thus, the snakes will engage or “hook 
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‘Conduit Being Fished 


Fig. 514.—Fishing with end of round steel wire bent into corkscrew form. 


together”? more readily than they would otherwise. A method 
in which a hook H (Fig. 513), is bent in the end of one wire 
and an eye, HE, in the end of the other is sometimes successful 
where others fail. In another scheme (Fig. 514), which has 

Loops of No.18 


Bare Copper Wire---. Y 
t 4 


Steel Fish Ribbon No.!-. 
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A. See B 


Fre. 515.—Copper-wire loops in fish wire end to promote ready engagement. 


been applied successfully in certain cases, one snake is a No. 14 
round galvanized steel wire and the other is a steel ribbon. 
The end of the steel wire is formed into a corkscrew as shown 
at C and the end of the ribbon into a loop or eye, L, After 
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the two wires have been forced together within the conduit, 
the round steel wire is twisted and pushed forward so that 
its corkscrew turns will engage in the loop LZ. Then both of 
the wires can be pulled out of the conduit by drawing on either 
one of them. 


Nore.—Loors Trev In Fish Wire Enps (Figs. 515, 516, and 517) are 
often effective in two-way fishing. In Fig. 515 the loops consist of 
lengths of No. 18 bare copper wire bent and twisted so as to form a chain. 
These are attached to an eye bent in the end of one fish wire, A. The end 
of the other fish wire, B, is formed into a hook. When the two fish 
wires thus prepared are forced together within the conduit and one of them 
is turned and pulled to and fro, an engagement can usually be made. 
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Fria. 516.— Another, but unde- Fia. 517.—Cord loops tied on end of 
sirable, method of arranging loops fish wire for two-way fishing. 
in fish-wire end. 


Loops of cord instead of wire are sometimes used. These may be tied 
in the eye as shown in Fig. 516; each loop being separate and distinct. 
However, another method (Fig. 517) wherein one continuous length of 
cord is formed into a number of loops in the eye, is often preferable. 
In drawing from the conduit two fish wires, which have been used for 
two-way fishing, it is customary to pull out on the shorter wire which is 
engaged with the longer one. Simultaneously a helper should feed the 
longer one into the conduit at the other conduit case so that the pulling 
stress on the short wire will not be excessive. 


248. The Fishing Of A Large Conduit With A Smaller 
Jointed Tube is disclosed in Fig. 518. This method is appli- 
cable only for large-diameter conduits where the greater part of 
the run is straight. That is, the distance L (Fig. 518) should 
be for its greatest length except at its extremity, straight. 
The method consists in pushing through an elbow fitting, F, 
which is located at one end of the run to be fished, a jointed 
length of 14-in. conduit. Sufficient lengths are screwed 


7 


together successively as this “rod” is foreed into the conduit. 
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Hooked over the far end of the jointed tube thus inserted, 
IS a length of No. 14 rubber insulated wire which is carried 
into the duct as the pushing proceeds. After the jointed tube 
has been forced into the conduit as far as a bend, a steel fish 
wire with a hook on its end is pushed down from the other 
end of the run Z. It is then manipulated until it engages with 
the loop of No. 14 wire, whereby the No. 14 conductor is pulled 
through. The No. 14 wire then serves as a pulling-in line. 
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Fra. 518.—Fishing large conduit with small pipe or tubing. 


Lengths of 1$-in. conduit which have been prepared for the 
long-distance boring tool described in the author’s ‘‘ Wiring of 
Finished Buildings” may be used for rodding by the method 
just described. 

249. In Fishing Wires Through Fixtures a lead weight on 
the end of a cord is, ordinarily, the arrangement used. The 
fixture tube can be held in an approximately vertical position 
while the fishing is being done so that the weight will be pulled 
through by gravity. Such a weight is called a mouse. A 
number of different designs of this tool and its applications 
are described in the author’s ‘“‘ Wiring of Finished Buildings.”’ 
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250. To Straighten A Fish Wire Or Ribbon a device similar 
to that illustrated in Fig. 519 may be used. After any 
fish wire has been in service for some time it becomes “kinked.” 
Short kinks in the wire interfere with its progress inside of 
the conduit. The straightening arrangement (Fig. 519) 
consists of a wooden block, B, into which nails, N and N, are 
driven. At one end of the block is a double-pointed tack, 7, 
through which the wire to be straightened, W, is threaded. 
The nails are driven in two parallel rows somewhat out of 
line with each other. The distance between these rows is 
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Fig. 519.— Arrangement for straightening fish wire. 


exaggerated in Fig. 519 in order better to illustrate the principle. 
For steel fish wire or ribbon, the distance between centers of 
rows need not ordinarily be much greater than the width of 
the ribbon or the diameter of the fish wire. 


Notre.—To Srraiguten Tue Wire, W, Ir Is Merety PuLLepD For 
Ivs Entire Leneru around all of the nails through the eye, T. Con- 
siderable force is imposed on the block, B, while the wire is being pulled. 
Hence, it is desirable to hold it securely in a vice or with screws to the top 
of a bench or some other stationary object. To grip the fish wire end 
in pulling it through, a hand vise or a come-along (Fig. 558) such as is 
used for pulling up line conductors, should be clamped on the wire. One 
of these tools insures a firm grip for the man who is doing the pulling. 
The helper should be stationed back of the block to feed the wire to it 
as it is withdrawn from the other end. 


251. Pneumatic Fishing May Be Treated Under Two 
General Classifications: (1) Pressure or plenum fishing. (2) 
Vacuum fishing. Pressure or plenum fishing is that where a 


———— 
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piston, to which a fish line is attached, is impelled or forced 
through the conduit run by an excess air pressure which is 
created behind it. The pressure is established by a force 
pump. Vacuum fishing is that where the piston (to which a 
fish line is fastened) is pulled or “sucked” through the conduit 
by a partial vacuum created at the far conduit case, by a 
suitable vacuum pump. 

252. The Principle Of Pneumatic Pressure Fishing may 
be understood from a consideration of Fig. 520. The air 


Fic. 520.—Showing application of “ cord-feeding fitting’ at F. 


pressure is created by the pump, P, which is connected with 
the rubber hose, #, to the conduit, C, which is being fished. 
Due to the pressure developed by P, a piston, W, which fits 
loosely within the conduit (and to which the fishing line, L, 
is attached) is forced through the conduit from one conduit case 
to another. 


Notr.—An Important ADVANTAGE Or THE PNEUMATIC FISHING 
Mernop Is Tuar Ir Cieans Tue Conpurr Or Minor OBstTRUCTIONS. 
Chips, particles of dirt, plastering, pieces of cord, and even brads and 
nails somehow or other get into the conduits in buildings under construc- 
tion. These particles may, unless removed, obstruct the conductors 
which are being pulled into the conduit. Where the pneumatic method of 
fishing is employed, these small particles are blown out at the same time 


306 CONDUIT WIRING [Drv. 7 


the fishing cord is forced through. This method is also advantageous for 
large-sized conduit where it is difficult to fish through a fish ribbon because 
of its tendency to curl up in the large-sized tube. 

253. The Piston is preferably a cork ball, B (Fig. 521), 
which has a hole through it to provide for the attachment of 


Conduit 


*. Cork-Ball 


won Strong Fish Line’ 
Piston 


Fig. 521.—Cork-ball piston on end of fish line for pneumatic fishing. 


the fishing line, Z. Or it may, in an emergency, be a wad of 
rag, W (Fig. 522). Where a cork ball is used, its diameter 
should be such that it will just pass readily through the 
straight conduit and around elbows.. Before forcing such a 
ball_piston through an actual conduit run, it should first be 


Wad of Cloth ” ies! Fitting 
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Fria. 522.—Details of “cord-feeding fitting.” 


pulled through an elbow held in the hand to insure that it 
will pass. 

Norr.—Sucu A Batt Can Be Wuirritep From A Larar Cork (Fig. 
521) with a very sharp knife. However, a much better and smoother 


product can be produced on a high-speed lathe. The hole, through the 
center for the cord, should be burned with a piece of red-hot wire of. 
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proper diameter. A knot, K, tied in the end of the fish line will insure its 
attachment to the ball. This knot, K, should have no long loose ends 
because if it has they may catch in joints in the conduit and interfere 
with the operation of the device. 


254. The Cord For The Fishing Line for pressure fishing 
should be of the strongest material available. The best cord 
for this purpose is a high-grade angling line which may be 
purchased at a sporting goods store. If an angling line cannot 
be obtained, a chalk line such as is used by masons and 
carpenters can be utilized as a substitute. 


Nore.—WuHERE THE Roun Is Suort, A Line Surricrentty Hravy 
so that it may be used for a pulling-in line for the conductors can some- 
times be forced through the conduit. But where the run is long and has 
many turns, it does not pay to endeavor to force through a heavy line 
with a force pump. In such cases, a light but very strong line should be 
impelled through and then, with this, a stronger pulling-in line can be 
drawn in. 


255. An Improvised Outfit For Pressure Fishing is detailed 
in Figs. 520, 522, and 523. The pump, P (Fig. 520), is a 
plumber’s force pump of the type regularly sold by plumbing 
supply houses. The enlarged cylindrical portion at the base 


constitutes a reservoir so that _-All Edges of Hole 
“Should Be Rounded 


a considerable pressure may be 
developed before the valve, V, 
is opened. The rubber hose, & 
R (Figs. 520 and 522), has on Cae 
its upper end a coupling, M, Fie. 523.—Showing how edges of 
which screws on a nipple, V,con-_ hole through cover plate should be 
necting it to the “cord-feeding 'Unded of. 
fitting,’ / (Fig. 522). This fitting is a conduit fitting through 
the metal cover of which a small hole, /7 (Fig. 522), is drilled to 
provide for the admission of the fishing line, L. The nipple, 
N, is screwed into one end of F' so that the coupling, M, on the 
end of the pump hose can be attached. The wad of cloth, W, 
on the end of the fishing line, in this case, constitutes the 
piston (a cork ball, B, Fig. 521, would be preferable). The 
conduit to be fished is denoted by the letter, C. 

Nors.—In Usine A Pneumatic Pressure Fisuine Ovurrir (Fig. 520) 


the first step is to screw the cord-feeding fitting, F (without its cover being 
in place), on to the end of the conduit to be fished and to connect to it the 
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pressure hose, R. Then the fishing line, L, is passed through the hole, 
H, in the cover plate. The piston, W, is attached and pushed in the 
conduit and the cover plate is fastened to the fitting. Then sufficient 
cord to extend entirely through the run is pulled from the reel, D (Fig. 
520), and laid in loose coils upon the floor. Valve V is closed and the 
handle of the pump is operated until a reasonably high pressure has been 
developed in the reservoir. Now valve V is opened and if things are 
operating properly, the piston, W, should be forced entirely through the 
run from one conduit case to another and will carry the fishing line, L, 
with it. 

Nore.—Wira Tue Fisuine Ling, A Putiine-In Ling Can BE Drawn 
TuHRovuGH THE Conpurr. The reel, D (Fig. 520), is used to wind up the 
cord when it is not in use, in order to prevent tangling and breaking of the 
line. 


256. The Pressure Fishing Outfit May Be Used Without 
The Cord-Feeding Fitting (Fig. 524)—-In this method 
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Fie. 524.—Pneumatic fishing with plumber’s force pump. 


instead of the fishing line being mounted on a reel and from 
there being pulled into the conduit, enough of it to extend 
from one conduit case to the next is initially placed in the 
end of the conduit (lig. 524). When the hose, H, is placed 
against the end of the conduit and the pressure from the pump 
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released, the piston will, under favorable conditions, be forced 
through the conduit and will carry the fishing line with it. 


Note.—Tue Disapvantaces Or Tue Metuop Wuaicu Dors Nort 
Kimptoy THe Corp-Frrpinc Firrina Are: (1) There is considerable 
air leakage where the hose is placed against the conduit. (2) The coils of 
cord placed within the conduit sometimes tangle and knot, preventing the 
effective fishing of the conduit. To obviate the tangling of the cord, a 
round hole can be burned, with a red hot needle or wire, in the upper end 
of the hose (H, Fig. 524) to provide for the admission of the fishing line. 
Where this is done, the hole thus 
burned performs the same func- 
tion as the hole, H (Fig. 522). 
However, considerable friction, 
which retards the free passage of 
the cord through the conduit, 
is developed at the hole in the 
rubber through which the cord 
passes. It is for this reason 
that the practically frictionless 
hole in a metal cover (Figs. 522 
and 523) is preferable. 


257. The Pneumatic 
Fishing Apparatus Manu- 


factured By The Pneumatic 
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pany of 12 N. 8th Street, Air Hose’ 
Richmond, Va. (Fig. 525), ed 
utilizes the principles of A 


Traveler---* 


the improvised outfit (Fig. 
520). The  pressure- 
developing rig consists of 
an air pump, P (Fig. 525), 
a storage tank, 7, and a cs) 
pressure gage, Gamer exile Fig. 525. —Air-pressuré fishing outfit 
air hose, H, is furnished pate, by, the Prema onan 
which is inserted in the end 

of the conduit to be fished. The fishing cord winds on a reel, 
R. On the end of the fishing cord is the traveler, HE (Figs. 525 
and 526). This traveler consists of three thin discs or pistons 
mounted on a small longitudinal shaft and provided with a 
snap hook whereby the traveler can be attached to the eye in 
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the end of the fishing line. The general method of using 
this outfit. is similar to that described in connection with Fig. 
520. The outfit weighs 40 lb. 


Notre.—Ir Is Cuaimep THat Tur Strronc-Corp FisHina LINE, 
which is provided with the outfit, is strong enough for drawing in ordinary 


Direction of Motion of 
Fish Wire. 


“Traveler 


Corde” Snap- 
Fia. 526.—Pneumatically-impelled traveler pulling fishing cord. 


conductors. Where large conductors or cables are to be handled, a 
pulling-in wire or line is first drawn into the conduit (Fig. 527) with the 
cord fish line. Runs having a length of 150 ft. and containing 7 elbows 
have, so it is claimed, been fished with this outfit in a few seconds. 


Cord Ring--” Pulling - In Conduit Being- a 
Line Fished 


Fig. 527.—Pulling-in line being drawn into conduit with cord. 


258. Pneumatic Vacuum Fishing is not as effective as pres- 
sure fishing but may often be employed to advantage where no 
pressure pump is available but a vacuum cleaner is at hand. 
The suction hose of the cleaner is placed over one end of the 
conduit to be fished and the fishing line, having on its end a 
cloth wad or a cork piston, is fed into the other conduit case. 
The vacuum produced by the cleaner pump will pull the line 
through ordinary runs. 

Notre.—TxHr Reason THat Tor Ptrenum Metuop Is Tue Betrrer 
is that with a good force pump and reservoir a very high pressure can be 
produced. The production of an equivalent pressure difference is not 
possible with the ordinary vacuum pumps. ‘Then, too, the conduit 


system will not maintain a high vacuum as well as it will a pressure 
because the vacuum is more difficult to ‘hold.’ 


259. Conduit Fishing Machines which forcibly impel a 
fishing ribbon through the conduits have been used in certain 
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cases. ‘There is only one which is, to the writer’s knowledge, 
regularly manufactured. This (Fig. 528) is the National 
Conduit Fishing Machine. It is manufactured by The 
National Conduit Wiring Company, 25 Broad Street, New 
York City. 


Fishin 5. 
Tape. Seiil 


Cut- Out 
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Fra. 528.—Showing application of the National Conduit Fishing Machine. 


260. The Principle Of The National Fishing Machine, 
which is patented, is illustrated in Fig. 529. It involves the 
winding of two steel tapes, 7 and B. The tape, 7’, constitutes 
the fish wire and is forced through the conduit. The tape B 
is the winding tape. Both of these tapes are first wound on 
the lower spool, L. Tape B, which is fastened on the upper 
spool, U, acts as a driving pulley and forces 7 out through the 
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flexible armored hose, H (Fig. 528), and into the conduit 
which is to be fished. The hose guides the tape from the 
machine to the conduit outlet. 


Nors.—TueE OrpEration Or THE NationaL MACHINE may be described 
thus: The hose, H (Fig. 528), is first thrust into the end of the conduit 


Fishing 
Tape 


7” \--Tapes Coiled on 
Lower Wheel 


Fie. 529.—Illustrating the operating principle of the National Conduit 
Fishing Machine. 


which is to be wired. The crank is placed on the upper reel shaft and 
turned at any desired speed. ‘This operation winds the propelling tape, 
B, from the lower reel, L, onto the upper one, U. Thereby the fishing 
tape, 7’, is projected from the machine and through the conduit. The 
force, due to which the fishing tape, 7’, is projected, is directly propor- 
tional to that applied by the hand to the crank, C (Fig. 529). It should 
be noted, however, that the force imparted to 7 at the machine is greater 
than that imposed on the crank handle because of the “Jeverage’’ due to 
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the 12-in. crank operating on the 5!g-in. wheel. After the fishing tape, 
T’, has been propelled through the conduit to the required conduit case, 
the insulated conductor, if the pull is to be a “light” one (or the pulling- 
in wire if the pull is to be ‘‘heavy’’) is attached to the tape. Then the 
crank, C, is detached from the upper reel and attached to the lower one. 
Now, on turning the crank both of the tapes are coiled back again on the 
lower reel and the insulated conductor or pulling-in wire is pulled back 
through the conduit. 


261. The Performance And The Cost Of Fishing With The 
National Conduit Fishing Machine is apparently quite satis- 
factory. When the crank is turned at the average speed, the 
fishing tape is projected through the conduit at a velocity of 
4 ft. per second. It is claimed that records of large installa- 
tions involving a total of several million lineal feet: of conduit 
show that the cost of fishing has been less than 14 ct. per lin. 
ft. as against 34 ct. to 1 ct. per lin. ft. for hand fishing. 


Nore.—Tupe Apitiry Or Tor Nationa Macurine To Fise Dirricuur 
Runs is due, s0 the manufacturer claims, to the great force impressed 
against the fishing tape and to the greater velocity of the tape without 
any cessation of motion. It is understood that this machine will fish runs 
which have a large number of bends, which may be very difficult to fish 
by hand. It is claimed that a 100-ft. conduit run containing over 20 
right-angle bends was successfully fished in a competitive test. In hand 
fishing, the operator can only shove the fish ribbon into the conduit to 
the limit of the sweep of his arm. The movement of the tape must then 
cease momentarily while he takes another hold. Each time his hold is 
changed there is a cessation of motion and a loss of momentum. 
When the tape is impelled by the machine, it is in motion constantly and 
hence the starting frictional resistance, which always occurs when 
anything is started from rest, is nullified. 


262. The Different Kinds Of Lines Or Wires Which May 
Be Used To “Draw In’ the conductors are as follows: (1) 
Ribbon fish wire of rectangular section. (2) Galvanized steel 
wire of round section. (3) Cord or rope. (4) Chain. These 
various lines all have uses for which they are best adapted. 
The fish wires are employed where possible since, by their use, 
the drawing in of a pulling-in wire is eliminated. Regardless 
of the character of the line which is used as a pulling-in line, 
the conductors which are to be drawn into the conduit should 
be attached thereto so that they can be installed with the 
expenditure of minimum time and effort. 
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263. A Ribbon Fish Wire Can Be Used As A Pulling-In 
Line after the run has been fished with it, where the run has 
but few bends, and the wire to be pulled in is not larger than 
No. 12 or No. 14 B. & S. gage. But it is inadvisable to draw 
in with a ribbon fish wire runs which pull hard or runs of heavy 
conductors. The reason is that the stress thus imposed on 
the ribbon fish wire takes the “‘life’’ out of it. Hence, a 
pulling-in line of some sort or other, which has been drawn 
through the conduit by using a fish wire, should always be 
used for drawing in heavy runs. When the labor cost is 
high, it may be more economical to pull in rather difficult runs 
with the fish ribbon and use a new one when necessary, as 
they are comparatively cheap, than to spend the additional time 
required for attaching a pulling-in line and drawing it through. 

Nots.—Arter Heavy Wires Have Been Puttep Into Lona Runs 
Wirs A Reson FisHine WIRE, it looses its original tendency to assume 
the form of a long straight ribbon and tends to roll and twist into curls. 
This makes it very difficult to push through a conduit run and for 
rapid efficient work renders it almost useless. 

264. Galvanized Steel Wire Makes An Excellent Pulling-In 
Line, No. 10 or 12 Birmingham Wire Gage is ordinarily used. 
If one strand of the galvanized steel wire is not sufficiently 
strong to sustain the stress imposed, several strands arranged 
in parallel can be used. 

Note.—Tue Rounp GALVANIZED STEEL W1Rb Is Orren Usep For 
FisHinG and in this case the fish wire can be used for pulling in larger 
conductors. There is not the danger with this wire that there is with 
steel ribbon wire of straining it excessively. This is because of its 
greater cross-sectional area. 

265. Rope Or Cord Pulling-In Lines are frequently used. 
Braided rope (Fig. 530), of the construction of that used for 


Sa = FB GE 


Fie. 530.—Braided rope or cord for pulling-in lines. 


sash cord, is ordinarily employed for rope pulling-in lines 
although, for heavy-pulling runs, galvanized steel wire is 
better. Twisted manila rope is sometimes utilized, but it 
tends to untwist when subjected to tension. In untwisting, 
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the rope twists the conductors within the conduit, which 
causes them to “pack”? and pull hard around the elbows. 
The insertion of a swivel (Figs. 531 and 548) between the 
end of a twisted-rope pulling-in line and the conductors to be 
drawn in will, in a measure, obviate these difficulties due to 
twisting. Braided rope, or as it is called by the trade “cord,” 
is manufactured in a variety of diameters from 749 in. up 
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Fie. 531.—Swivel to prevent twisting. 


to 14 in. and sometimes cords of larger diameters may be 
obtained. Steel hoisting cable such as that used on cranes is 
not desirable for pulling-in lines because of its high cost and 
tendency to cut when tied to a tackle-block hook. 


Notre.—GatvaNnizED STEEL WIRE Or Cualtn Is Better THan Rope 
For Heavy Work. ‘The rope is much more bulky for the same strength, 
iS more expensive and wears out more quickly under severe usage. It is 
difficult to tie a rope to the hook of a set of tackle blocks with a knot 
which will not cut and thus sever the line. With rope, the fastening 
wires often pull out causing annoyance and much loss of time. Galvan- 
ized steel wire can be very quickly and positively secured to a tackle- 
block hook with a ‘‘come along” or wire grip (Fig. 558). Both the 
galvanized steel wire and the chain can be more securely fastened to the 
conductors to be drawn in than can the rope or cord. 


266. Steel Sash Chain makes a good pulling-in line for some 
purposes. It is very strong, flexible, readily obtained, and 


Fre. 532.—Sash chain pulling-in line. 


economical. The type of chain shown in Fig. 532 has been 
found very satisfactory. Conductors to be drawn in can be 
readily attached to the sash-chain line at any point by tying 
them into the links. This feature is particularly convenient 
where there are a number of conduit cases along a run (Sec. 
285) and conductors which are to terminate in each are to 
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be drawn in simultaneously. In pulling conductors into a 
vertical run, the sash chain may, of its own weight, be dropped 
down through the conduit, thus serving as both the fishing and 
pulling-in lines (Sec. 239). 

267. The Principal Requirements Of The Attachment Of 
Conductors To A Pulling-In Line may be enumerated thus: 
(1) The attachment should have ample tensile strength. (2) 
The attachment should offer minimum opposition to the drawing 
of the conductors into the conduit. The requirement of tensile 
strength may be satisfied in an obvious way by so making 
the connection of the conductors to the pulling-in line that 
it will be sufficiently strong. This requirement is not difficult 
to satisfy provided the graphic and written instructions enum- 


Steel Fishing Ribbon 
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Fie. 5383.—Taped over fishing ribbon attachment to rope pulling-in line. 


erated herein are followed. The requirement of minimum 
opposition to drawing in can also be met readily by areasonable 
exercise of judgment and common sense. The attachment 
should always ‘‘taper gradually” (Fig. 533). That is, it 
should be conical in shape from the pulling-in line to the body 
of the conductors so that the joint will slide easily into the 
conduit and past irregularities therein without seizing. The 
conical form is made by serving tape over the attachment in 
such a way that the interstices are filled in. These require- 
ments also apply to the attachment of the pulling-in line 
to the fishing wire. 


Nore.—Tue Importance Or A Property Mapp ATTACHMENT can- 
not be over-estimated. If the attachment is weak it may fail during 
the drawing-in process. This will necessitate a re-fishing of the run. 
Furthermore, if the attachment is not properly made it may either 
“pull hard”’ (require excessive force to draw it through) or it may ‘‘stick” 
at some coupling or elbow in the run. 


268. Conductors May Be Attached To A Ribbon Fish 
Wire By The Method illustrated in Figs. 534, 535, and 536. 
In this method the insulation is removed from both conductors 
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for a distance of about 3 in. The two conductors are attached 
together by tightly twisting (Fig. 534) around the insulation 
of the leading conductor, at 
a distance of about 5 or 6in. 
from its end, the bared end 
of the other conductor. 
This joint prevents slip- ? Fish tne 
page under strain. The Outlet Box-- Wires” & 
bared end of the leading 
conductor is also twisted Fie. 534.—Joining the two conductors 
carefully (Fig. 535) Around which are to be pulled into a conduit. 
the hook or through the loop of the fish tape or wire. Care 
must be taken not to kink or cut the conductor during the 
process. Friction tape (Fig. 
536) is then wrapped around 
the two joints, beginning 
with the first joint between 
the leading conductor and 
the ribbon fish wire and 
gradually spiraling back- 

Fic. 535.—Taping the connections be- wards until the second joint 
tween the pulling-in wire and the con- jg covered. Under no cir- 
goer: cumstance should the tape 
be wound loosely or permitted to form a lump. Thus a long 
tapering attachment is provided which will draw readily into 
any conduit sufficiently large 
to receive the wire. The same 
general method may be used, | 
if there are three instead of 
two wires to be drawn in. 


Notre.—In ‘‘Easy” Runs Tue 
Conpuctors May Br ATrracHEp 
To Tur Ripson Fish Wire, by 
twisting the bared ends of all the 
conductors around the hook or loop 
in the end of the fish wire. The 
whole joint should be served with friction tape. The method is probably 
the one most commonly used and in most cases it is very satisfactory. 

Norn.—Awn Arracument To A Sree, Fish Wire Wuich May Br 
Usep Wuerr A Harp Putt is expected (it is understood that only 
small conductors—No. 12 or No. 14—for “easy” runs should be 


Fig. 536.—Attaching the conductors 
to the pulling-in line (in this case the 
fish tape is used for a pulling-in line). 
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pulled in with a fishing ribbon, hence this method is not, in general, 
recommended) can be arranged by forming a loop, LZ (Fig. 537), 3 or 4 in. 
from the end of the fish wire and then making up the conductor ends, 
C, in it as shown. The free end of the fish ribbon extends along the 
conductors and is lashed to them with turns of small-diameter binding 
wire. The entire attachment is served with friction tape so that it will 
offer minimum resistance. 


Binaing Wire-. _— 7 boop 
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Fra. 537.—Conductors to be pulled in “made up”’ in a loop in a fishing ribbon. 


269. In Attaching Twin Conductors To A Ribbon Fish 
Wire, the method suggested in Fig. 538 may be used where 
the run is short and relatively straight. A slit (H, Fig. 538) 
is cut through the outer braid of the twin wire about 1 in. 
from its end. The end of the fishing ribbon is hooked through 
the slit, H, and bent down as at R so that it will not catch 

End of Ribbon-... 


Bent Over yp. Steel Fishing 
= ss ——m Pibbon-, 
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Fia@. 538.—Showing how steel fishing ribbon may be hooked through twin 
wire for drawing in. 


inside of the conduit. The braid, due to the fact that it is 
composed of many strands crossing one another, does not 
tear out readily. This method consumes much less time 
than does one where the ‘‘skinned”’ ends of the conductors 
must be made up in a loop on the end of the fishing wire, and 
should be used where possible. 


Note.—In Dispostnc Or Tue Outer Braip Covering On Twin 
Wire So Tuar Tur Wire Witt Puy In Reaptny the procedure dia- 
grammed in Figs. 539 and 540 may be followed. It sometimes occurs, 
unless proper precautions are taken, that the outer braid of the con- 
ductors being pulled in will slide back and form a lump around the 
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conductors (Fig. 541). Such difficulties may be avoided if the outer 
braid is first ripped longitudinally with a knife (Fig. 539) and then 
folded back (Fig. 540). Where this is done it may be unnecessary to 
serve a tape covering over the attachment. 


Outer Braid: 
Stripped Off 


Fia. 5389.—Outer braid stripped off. 
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Fie. 540.—Outer braid folded back. 
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Fig. 541.—Showing how the outer braid may “bunch up” on the outside. 


270. A Method Of Attaching A Rope Pulling-In Line To 
A Steel Fishing Wire is delineated in Fig. 542. If the conduit 
has been fished with a steel-ribbon fishing wire and conductors 


Pulling -In-., 
Steel Fishing Wire Line ‘ L 


GC: Gal, 
“Copper Wire “slit In Rope 
Serving 
Fig. 542.—Showing how fishing ribbon may be attached to rope pulling-in 
line. 


larger than No. 12 are to be drawn in, it is best to draw in a 
pulling-in line with the fishing wire, rather than to attempt to 
pull in the conductors with the fishing wire, for reasons herein- 
before outlined. The fishing ribbon, R (Fig. 542), is made 
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fast to the pulling-in line, Z, by inserting it through a slit 
which has been cut in the rope at H. A serving, C, of small- 
diameter copper wire is made around the free ends of the 
fishing wire. Then the entire attachment is covered with 
friction tape (Fig. 533) so as to form a conical wedge shape. 

Notre.—FREQUENTLY Rope Puuiinc-In Lines Have Loors BRAIDED 
In Eacu Or Tuerr Enns. Into one of these loops the fish wire used for 
drawing in the pulling-in line, or the conductors which are to be pulled 
into the conduit with the pulling-in line, can be attached. These loops 


are preferable to the insertion method (Fig. 542) described above because 
they will not pull out so easily. 


271. In Attaching Two Medium-Sized Conductors To A 
Rope Pulling-In Line Which Has Not A Loop In Its End the 
method of Fig. 543 can be used. The bared end of one of the 
conductors, C;, is passed through a slit, S, cut in the rope and 
i 
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Fie. 543.—Attachment of two copper conductors to rope pulling-in line. 


is made up about the end of the rope as suggested. Then the 
bared end of the other conductor, C2, is made up around C,; 
as shown. To complete the attachment, serve it with friction 
tape. All of the components should be so disposed that the 
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Fia, 544.—Showing attachment prior to taping. 
attachment will taper from the rope toward the conductors. 


This may be effected by filling in the low places in with the 
friction tape. 


Note.—In Arracuinc Mepium-Sizep StraANDED Conpucrors To 
Tue Loop In Tae End Or A Ropr Putiine-In Lrg, short links, LZ, 
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and Le (Fig. 544) can be used for fastening the conductors, C; and C». 
These iron wire links are threaded through holes, punched through 
C, and Cy with a nail. Fig. 545 shows the attachment partially taped. 
The completed attachment should be entirely taped over, as suggested in 
Fig. 550. 
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Fie. 545.—Attachment partially taped. 


Nore.—A Metuop Or Maxine An Eys In Tur Env Or A Pott- 
1NG-IN Rope is shown in Fig. 546. Four holes are made in the rope 
with a nail and a No. 10 iron wire is wound around the rope and through 
the holes as shown. The stranded conductors or cable wires are then 
inserted through the hook, twisted around as shown, and soldered. 


Fie. 546.—Loop made up in pulling-in-line end for attaching pulling-in line 
to a cable or stranded conductor. 


272. Cable Grips Are Economical For Attaching Large 
Conductors To Pulling-In Lines (Fig. 547).—The cable grip, due 
to the spring formation in the interlacing of the strands, applies 
an even pressure to all sides of the cable simultaneously, which 
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Fiq@. 547.—Single-eye cable grip. This cable grip is also made in many 
sizes and in double-eye split grip types. (Universal Cable Grip Co., Syracuse, 
Nige Fa) 


is intensified when the strain is put on the pulley eye. In 
using the grip, its ends are pushed together, thus enlargen- 
ing its diameter. The grip is then slipped onto the cable into 
such a position that when it is again stretched out, the eye will 
project about 6 in. from the end of the cable. Cable grips 
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will not injure the conductor and if sufficient care is taken to 
attach them properly, they will not pull out. A steady pull 
should be exerted on the line because the holding power of the 
cable grip increases with the strain put upon the pulling-in 
line and the eye. It is much quicker to attach a cable grip 
to the large conductor than to make up asplice. The resulting 
attachment is also more secure and requires less space than 
does the large splice joint. Several small conductors instead 


_-Cable Grip Pulling In Line.. 


Sister Hook- a “Swivel 
Fic. 548.—Swivel sister hooks used for attaching pulling-in line to a cable 
grip. (Universal Cable Grip Co., Syracuse, N. Y.) 


of one large one may also be attached with the cable grip. 
Some wiremen remove the insulation before attaching the 
‘grip to a cable, but this does not appear to be always necessary. 
In any case, the rear end of the grip should be taped to the 
conductor at a distance of at least 4 in. 


Notre.—A Swiver Sister Hoox (Fig. 548) is very convenient for 
attaching a cable grip to a pulling-in line which is provided with an eye 
onitsend. The sister hook provides for easy attachment and the swivel 
prevents twisting of the conductors. 


273. An Improvised Attachment Similar In Principle To 
The Cable Grip (Figs. 549 and 550) may be employed. 
The complete attachment with its tape serving as it is ready 
to be drawn into the conduit is shown in Fig. 550. In making 
up this attachment a piece of No. 10 iron wire (Fig. 549) 
about 4 ft. long is looped around the end of the cable once as 
shown at J. Then the two free ends of this iron wire are 
wrapped around the cable, in opposite directions, so that 
about 3 or 4 in. of free wire is available at the ends for attach- 
ing to the loop in the pulling-in rope. The wires completely 
made up are shown at JZ. Finally, a tape wrapping is served 
over the attachment to prevent fouling. It is false economy 
to be stingy with the tape. It protects the end of the cable, 
strengthens the connection, and keeps the free ends (which 
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might otherwise catch on obstructions on the interior of the 
duct) on the inside where they belong. This attachment while 
effective is not as economical as the commercial cable grip, 
(Fig. 547) because of the time required to make it. 
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Fie. 549.—Attachment of a heavy conductor to a pulling-in line. 


Notre.—As TEnsiLe Srress Is Impressep Uron Tor CoNnNneECcTIONS 
of Figs. 549 and 550, the galvanized iron wire ‘‘bites’’ into the insula- 
tion on the cable. The greater the pulling force, the “harder” the 
iron wires, which have been woven around the cable, will bite into it. 
For these reasons an attachment of this type is very effective. 
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Fie. 550.—Two heavy conductors attached to pulling-in line. 


274. In Tying A Rope Pulling-In Line Direct To Heavy 
Conductors a knot of any one of several types may be used. 
In Fig. 551 is delineated the “rolling hitch”? which will grip 
firmly into the insulation on a large conductor. All of the 
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turns should lie close together and be pulled up tight before 
the pulling stress is imposed. Half hitches made around the 
conductor at the pulling end, P, of the knot will increase its 
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Fie. 551.—Rolling-hitch for attaching rope pulling-in line to the conductor. 


gripping power. A ‘‘non-slip-hitch”’ (Fig. 552-/7) can often 
be successfully used. 


Nore.—To Tir Tue Non-Sure Hircu, pass the bight of the sling 
around the conductor and pass the sling through the bight as shown at 
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Fre. 552.—The non-slip hitch for attaching rope pulling-in line to the 
conductor. 


I, making a plain double hitch. Now pass the bight around the con- 
ductor again and slip the end of the sling through the bight. Pull the 
strands tight and the resulting knot will appear as at JZ. This hitch is 
very easily tied and is extremely effective. 
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Fra. 553.—Group of single conductors attached to a pulling-in wire. 


275. In Attaching A Group Of Small Conductors To A 
Pulling-In Line the ends of all of them are first bared. Then 
a number of these bared ends are twisted into a cable (Fig. 
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553) which is made up into a loop in the end of the pulling-in 
line. Now the bared ends of the remaining conductors are so 
made up about the little cable thus formed that the “conical 
wedge” form, referred to previously, results. Tinally, the 
attachment is served with tape (Fig. 554) so that it will offer 
minimum resistance inside of the conduit. 


Tape Wrapping 


Fie. 554.—Attachment taped over and ready for pulling in. 


276. When More Than Two Conductors Are To Be Pulled 
Into A Conduit Run, each pair of conductors should be marked 
so that it can be readily distinguished from the other pairs. 
By marking the pairs of conductors, much time is saved in 
splicing and identification testing out the circuits (Sec. 292). 
Various methods of marking may be employed. One method 
is to cut the insulation on the ends of each pair of conductors, 
differently. For example, cut off the insulation on one pair 
straight, taper the insulation on another pair, and so on. 
Another method is to tie tags or various colored strings on 
the ends of each pair of conductors. It is not so important 
which method is used, because one is about as good as another 
(although the tieing of strings or tags on the conductor ends 
is usually the quickest method). The important considera- 
tion is that by properly marking all pairs of conductors, when 
more than two conductors are located in one conduit, practi- 
cally all identification testing out is eliminated. It is generally 
more economical to mark the conductors than to test them 
out for identification when splicing and taping them. The 
wireman who feeds in the conductors can mark the last ends 
of the preceding run and their forward ends of the next run 
while the other wireman is fishing the run. 


Norz.—Ir Resets ArE Usep Tuey SHoutp Br Marxep In Some 
Manner to correspond to the markings on the conductors. When this 
is done the forward end of the conductors (where they are attached to 
the pulling-in line) can be marked and the conductors pulled in direct 
from the reels. After the conductors have been pulled in they can be 
cut off and their other ends marked to correspond to their forward 
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ends, by noting from what reels they were taken. This method is pref- 
erable, where many runs are pulled in from one place (distribution point) 
to that method in which the conductors are all pulled out on the floor, 
cut to length, marked on both ends and then drawn into the conduit. 
However, where many reels would be required or where only one short 
run must be pulled in from a given location, the latter method of first 
laying out the conductors may prove the more economical. 
Notre.—Wuen Tacs Are Usep Ir Micur Not Be PossisteE To 
Arrach THEM To Tue Forwarp Enps Or THe Conpuctors BEFORE 
Tury Arg Drawn Intro Tue Conpuir because the tags usually take 
up considerable space. They may also catch and come off during the 
pulling-in process. In such cases the conductors may be arranged on 
the pulling-in line in an identifying sequence by fastening them in a 
certain order on the line (Fig. 555). After the conductors are drawn 
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Fie. 555.—Arrangement of conductors which are to be pulled in, in a pre- 
determined sequence on the pulling-in line for identification. 


in, the ends can be tagged as they are taken off the pulling-in line. 
The other (back) ends of the conductors can be marked or identified 
by either of the two methods already described. When the conductors 
are drawn into the conduit directly from the reels, they can be marked 
by noting the reel from which they were drawn. In the other method 
where the conductors are cut to the proper length and made up on the 
floor, the back end of each conductor is marked or tagged to correspond 
to the position of the conductor on the pulling-in line; that is, the one 
end of the first conductor is made up around the pulling-in line in the 
No. 1 position and the other (back) end is tagged ‘‘No. 1” or is wrapped 
in No. 1 position around a short dead length of wire called a ““dummy’ 
wire. Each succeeding wire is handled in a similar manner. 


277. Prior To Pulling In, The Interior Of The Conduit 
Should Be Cleaned.—Sometimes oil, water, plaster, cement, 
and dirt accumulate inside of the conduit while the building 
is being constructed. Obviously, these materials should be 
removed before the conductors are drawn in. Some of 
the methods of removal have been described in Secs. 
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230 to 236 relative to fishing. <A rapid, effective expedient 
is to pull a piece of waste through the duct before drawing in. 


Norr.—A Very Errecrive Drevick For Removing WATER FRom 
A Conpvuir is shown in Fig. 556. The device is pulled through the 
conduit from the conduit case at the highest point of the run and forces 
all water before it and out of the other conduit cases. It should, pref- 
erably, be run through several times. The leather washer should be 
removed and a number of cloth discs ae Washer 
substituted therefor before the final pull, 
so as to wipe the walls of the conduit 
clear and dry. To save the trouble of 
refishing after each time this cleaner is 
pulled through, a pulling-in line should 
be fastened to the rear of the device be- ae s : 

; Fic. 556.—Simple device for 
tween the washer and the machine , moving water from a conduit 
screw. Tun. 


Z = wee gas Washer 
== ~ steel Wire- 
\ “piece OF Round Iron Rod 
“machine Screw 


278. Lubrication Of The Conductors is desirable when 
pulling them into the conduit. Particularly is it necessary 
in hot weather and for long runs. When the insulating com- 
pound on the conductors is warm, it seeps through the braid 
and adheres to the interior surface of the conduit making it 
difficult to pull in the conductors. The best lubricant to 
use is powdered soapstone, sometimes called powdered talc 
or French chalk. It may be either blown into the conduit 
with a piece of hose or applied to the conductors as they are 
pulled in. Some wires have a coating of powdered mica 
applied to their outer braids which acts as alubricant and tends 
to insure ‘‘easy drawing in.” 


Notse.—In Bitowrne PowpEerep Soapstone Into Tue Conpvit, a 
length of rubber hose about 2 ft. long is partially filled with the material. 
One end of the hose is held against the bushing at the conduit opening 
so as to fill the orifice. Then the wireman blows on the other end of 
the hose with his mouth, forcing the powder inside of the conduit. 


279. Greases, Oils, Nor Soap Should Never Be Used As 
Lubricants when pulling in conductors. They act chemically 
on the rubber insulation causing it to soften rapidly and lose 
its insulating properties. The practice of pulling a greased 
cloth through a conduit run prior to the insertion of conductors 
is emphatically condemned. Numerous cases are on record 
where oil has been poured into conduits for lubrication. 
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Where this has been done insulation failures, grounds, and 
burn-outs have almost invariably resulted. 


Nore.—Pararrin Has Breen Usep For A Luspricant where con-' 
ductors are being pulled in but apparently its use is not frequent. In 
using paraffin, a block of it is rubbed against the conductors as they 
are drawn into the tube. Paraffin is a splendid insulator and is, there- 
fore, unobjectionable from this standpoint. However, an excess of 
paraffin on the braids of the conductors within the conduit may cause 
the braids to adhere to the inner walls of the conduit and thereby pre- 
vent their withdrawal. 


280. The Force Required To Pull In The Conductors 
Should Never Be Excessive.—This statement should be 
interpreted in a relative sense as the force required to pull 
in the conductors will vary with their size. However, it 
should always be possible to pull No. 14 conductors into the - 
conduit with the hands. Heavy cables may require tackle 
or cranes for their insertion. In ordinary cases the conditions 
should be made such that the force required to pull in the 
conductors will be the minimum consistent with good economy. 
The conduit should be large enough so that there is plenty 
of room for the conductors. The bends between pull and 
outlet boxes should be as few as possible. Undersized con- 
duits and an excessive number of bends will render pulling-in 
extremely difficult and may, after the conductors have become 
“set”? within the conduit, render withdrawal impossible. 

x: This would defeat one of the 
chief features and advantages of 
the conduit method of wiring. 
A steady pull of minimum in- 
tensity will be more effective 
Fiq. 557.—“ Feeding” the wiresinto than an intermittent jerk of 

a conduit during the pulling-in. greater intensity, and will not 
injure the conductors as readily. It is a good rule never to 
jerk the pulling-in line but apply a constant pull instead. 


Nore.—Conpuctors Arn Usuatty Drawn In By Pusnina AND 
PULLING SIMULTANEOUSLY. While one or two men are pulling the con- 
ductors out at the far end of the run, another man can accelerate progress 
by pushing or feeding (Fig. 557) the wires into the other end. This 
man (the ‘“feeder’’) can prevent the formation of kinks and can ‘“ease”’ 


the wire over the abrupt edge at the conduit case. The guiding of the 
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conductors into the conduit orifice is called “feeding” (Fig. 557) and 
the man who does it is called the feeder. 

281. It Is Difficult To Obtain A Secure Grip With The 
Hands On Ribbon Fishing Wire When Pulling In. Hence, 
it is almost impossible to pull by this method against any 
considerable strain. Wiremen sometimes bend the bight of 
the wire around a stick or otherwise distort it to enable them 


Loop For Grip-, 


“Guiding 
Slot 


3 
-Lower Jaw 


Fie. 558.—Parallel-jaw wire grip. 


to gaina hold. Such a procedures bad practice. The kinks 
so formed in the ribbon fish wire can never be removed entirely 
although they apparently may be removed. A ribbon thus 
punished will always give trouble when used for future fishing. 
A fish-wire puller (Figs. 558 and 559), which will not kink 
the wire should be used for gripping it. These devices will 
save considerable time in pulling in conductors with fish wires. 


Notre.—A PARALLEL JAw Grip Or “Comn-Atone” Can Be Usep 
In Gripping Fish Wires (Fig. 558). Grips of this type are used exten- 
sively in aerial line construction. If 
the surfaces of the edges of the two 
parallel plates, P, between which the 
wire is clamped, are smooth they 
will not mar the ribbon. The fact 
that grips of this type are used suc- 
cessfully for pulling up hard-drawn . i ee 
copper aerial line wire is sufficient Paes oe es 
recommendation. A spring (not pj.) 
shown in the illustration) with which 
the grip is equipped tends to clamp it lightly on the wire, preventing 
it from falling off. When a tensile stress is applied at the loop, 
L (Fig. 558), the clamping effect is greatly intensified. Three sizes of 
this clamp are manufactured. Each respectively is capable of accommo- 
dating from an indefinitely thin wire to a No. 6, No. 0, or No, 000. In 


Fish Wire 
Being Pulled---. | 


“>>=-Hand Grips” 
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using the grip, it is clamped on the wire to be pulled and a short rope 1s 
tied into the loop, L. The rope provides a good hold for the wireman's 
hands. 


282. Tackle Blocks Provide The Usual Method Of Obtain- 
ing The Desired Force For Pulling In A Heavy Run.—One 
block of the set is provided with a loop and the other with a 
hook. The block with the loop is made fast to some sub- 
stantial object and the hook of the other block is engaged with 
the pulling-in line. It may be knotted thereto if the line is of 


_---Pulling-In Line ~. 
ee * 


XQ Small Winch 
X Ny = 


Paper Pulley Babbitted — 


Fre. 560.—Pulling-in wire with a motor-driven winch. 


rope or clamped with a parallel jaw grip if the line is of wire. 
Able-bodied wiremen helpers pulling at the far end of the 
tackle-block rope supply the force. Obviously, it is merely 
a matter of enough men and sufficiently heavy tackle to pull 
in the most difficult run. But it is slow work. The ordinary 
tackle blocks have three or four pulleys each. This means 
that the men must carry the far end of the tackle block rope 
from the blocks, six or eight times the distance that the 
conductors are drawn into the conduit. Each time the blocks 
are pulled to the limit, the pulling-in line must be disengaged 
from the block hook, and the blocks pulled as far apart as the 
line will permit. Then the blocks must be again made fast 
to the pulling-in line and the process repeated. 
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Nore.—A Motor-Driven Wincu May Be Usep For Puuiine In 
Conpvuctors (Fig. 560). An old winch (Fig. 560) was modified by 
removing the crank and babbiting a pulley on to the shaft. Then the 
winch and the 3 hp. motor were bolted to a couple of timbers. In 
pulling, the line is given a few turns around the drum of the winch and 
the motor started. In the meantime the wireman keeps the line taut 
by exerting a force on its free end as shown. The power winch is more 
desirable than the tackle blocks because it supplies a more uniform and 
constant pulling force. 

Notre.—An Improvisep Drvicre For Puuiine In Caste is shown 
in Fig. 561. A long 11-in. pipe, S, is passed through a 2-in. tee, T. 
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Fre. 561.—Improvised winch for pulling cable through conduit. 


Into T is screwed a piece of 2-in. pipe, D, to act as a drum for the rope 
and another piece of 2-in. pipe, H, to form a lever handle. The upper 
end of S is fastened to a beam on the ceiling by means of a pipe strap. 
The lower end of S is fastened into blocks which are attached to the 
floor. The pulling-in rope is passed through snatch pulleys and tied 
to H. By turning H the pulling-in rope is wound around D. H must 
always be turned to the right to prevent its being unscrewed from 7’. 
Tt will be found that a large leverage can be obtained with this device. 


283. Conductors May Be Pulled In With A Crane (Figs. 
562, 563, 564, 565, 566, and 567).—The pulling-in line, JZ, is 
usually of galvanized steel. To insure that the pulling-in 
line will pass directly out of the branch conduit without 
excessive binding it is run over a snatch block arrangement 
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Ira. 562.—Pulling in wire with a crane hook. 
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Fig. 563.—Drawing in conductors with the pulling-in line attached to the 
frame of a bridge crane, 
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(B, Fig. 562) or over a sheave mounted in the box (Fig. 568). 
In the method shown in Fig. 562 the crane hook is used to pull 
in the conductors. An arrangement for pulling in a vertical 
feeder with a bridge crane, by attaching to the bridge is 
illustrated in Fig. 563. Where feasible, it is preferable to 
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Fira. 564.—A pull “around a corner.’’ (The plan view of this arrangement is 
shown in the next illustration.) 


attach the line to the crane bridge rather than to the hook 
because the crane bridge speed is greater than that of the 
hook. Another reason is that it is usually possible to pull in 
a greater length of wire at one setting if the pulling-in line 
is attached to the bridge instead of to the hook. The pulling- 
in line may also be attached to a monorail crane (ig. 566). 
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Nore.—Putiine In Wirs A Crane May Be Done “Arounp A 
Corner” (Figs. 564 and 565). In such an arrangement a snatch 
block is necessary and very often several snatch blocks must be used. 
But unless too many changes in pulling-in-line direction are necessary, 
it will probably pay to use the cranes. In a building where there are 
cranes it is seldom that any conduit case will be so situated that a pull- 
ing-in line cannot be pulled from it, in some way or other, by one of the 
cranes. 
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Tic. 565.—Plan view of the “pulling-around-a-corner”’ arrangement of the 


preceding illustration. 


Nore.—Locomorives Or Trucks May Suprpty Tur Putiine-In 
Force. Occasionally conditions are such that the yard locomotives in 
industrial plants may be thus pressed into service. In certain installa- 
tions many hundreds of feet of conductors have been drawn in by this 
method. Many of the electric public-service companies use trucks and 
tractors for pulling in their large cables. When either trucks, loco- 
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motives or tractors are used care must be taken not to exert too great a 
foree on the conductors. 
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Fre. 566.— Pulling in conductors with a monorail crane. (Should the wheel 
slip on heavy pulls, two or three cranes may be coupled in tandem. If this 
fails, the pulling-in line should be re-routed so that pulling can be done by the 
erane hook.) 
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Fig. 567.—Using a portable jib crane to pull conductors into conduit. 


284. When Several Conductors Are Drawn Into The Same 
Conduit They Tend To Twist About One Another into a cable 
arrangement. This twisting of the conductors, since’ the 
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Fria. 568.—Sheave for pulling-in line in confined location. This method 
is particularly applicable where the pull box or outlet is located in a corner and 
a direct longitudinal pull is impossible. (The electrician should plan in 
advance and have the knock-out holes to support the axle punched in the 
pull box when it is being made.) 
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overall diameter of a group of twisted conductors is greater 
than the diameter of the same group when the conductors 
lie parallel, may cause them to bind in the conduit and thereby 


prevent their withdrawal. To 
eliminate this binding action, it is 
advisable to guide the conductors 
into the conduit so that they will 
lie parallel therein and will not 
kink or twist around. The small 
conductors are usually guided 
through the fingers of the man 
who is feeding. For guiding large 
conductors or a large number of 
small conductors, guide blocks of 
the types detailed in Figs. 569 and 


Roundled Corners~. 
Guide Holes for Wires. ‘ 


2 


--Wooden Blocks_----~ 


ei A I-Section 
~-Machine Bolts AA. 
I-Front Elevation. 
Fie. 570.—Split-type guide 
block to prevent twisting. 


570 may be used. The manner of employing the guide is 


illustrated in Fig. 571. 


“--=- Conductors 


F1q. 571.—Arrangement of conductors when they are guided into the conduit 
by means of a guide block. 


Nore.—Tue Hoies In Tan Guipr Birock Can Br Markep Or 
Numperep so that the pairs of conductors may be identified. When 
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this is done, the reels do not have to be identified (Sec. 276) as the ends 


of the conductors, after they are drawn in, can be marked directly from 
the guide block holes. 


285. When Drawing In ‘“‘Tap-Off Conductors” Simulta- 
neously With Through Conductors (Fig. 572 and 573) they 
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Fig. 572.—Showing methods of tapping on a short wire for drawing in. 


should all be pulled in together. By tap-off conductors are 
meant short conductors which terminate at any conduit case 
nearer to the pulling-in location than the most distant conduit 
case on the conduit run. By through conductors are meant 
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Fie. 573.—Showing how “tap-off’’ and “through”? conductors may be 


attached to pulling-in chain. 
those which extend through the entire conduit run from the 
pulling-in location to the farthest conduit case. It is seldom 
possible to first pull into a conduit, a portion of the conductors 
which are to be installed therein and then re-fish the conduit 
and draw in the remainder. If four conductors are to be 
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drawn in, all four should be pulled through together until the 
tap-off outlet where the shorter wires are to terminate is 
reached (Fig. 572). Then the short ones are held stationary 
while the longer ones are drawn on through to their 
destinations. 


EXPLANATION.—THE PREFERABLE Metuop Or Drawine In Tue 
Two Wires (Fig. 572), when one is to extend from A to B, and the 
other from A to C, is to tie both of them together at H for pulling in 
(Fig. 572-177). When the pair has been drawn from A as far as B, GH 
would be disconnected and held stationary but FH would be pulled on 
through to C. Difficulty is liable to be experienced if an endeavor is 
made to make up the short tap-off wire around the insulation of the 
other wire as at D. The attachment is liable to fail—slip and jam in 
the conduit. Furthermore, the short-wire conductors, J D, twisted around 
at D will cut into the insulation and may weaken the conductor JE so 
that it might break. 

Norse.—In Pouiine In Tar-Orr AnD THRouGH ConpuctTors WirH A 
Cuain Putuine-In Line they can be attached to the line as proposed in 
Fig. 573. The through conductors, AC (assumed to be 110-ft. long), are 
attached to the chain pulling-in line at C. The tap-off conductors 
(assumed to be 50 ft. long) are fastened to the pulling-in line at B. This 
method is feasible with a chain pulling-in line because of the ease with 
which the conductors, which are to be drawn in, may be attached to 
the chain links at any location. 


286. Conductor Ends Should Be Left Extending From The 
Outlets to permit of splicing, making up and tapping on 
through wires. At switch and fixture boxes a free end 6 in. 
long is ordinarily sufficient where the conductors are small. 
But, where they are large, a greater length may be necessary. 
At the panel boxes, the proper length for the extending free 
end will be determined by conditions. The conductor must 
be long enough to reach the switch or cut-out terminals to 
which it is to be connected. After the conductors have been 
pulled in, the next steps toward the completion of the installa- 
tion are connecting and soldering which will be treated in the 
subsequent division. 

287. The Conductors In Vertical Conduit Risers Should 
Be Supported Within The Conduit System (Fig. 574) to 
prevent excessive strains. These strains may be due to the 
weight of the conductors, being imposed on the lugs and bind- 
ing posts of the switches or cut-outs to which the conductors 
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Fia. 574.—Conductor in a vertical conduit run supported with a clamp. 
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Fria. 575.—Supports for conductors in vertical conduit runs. 
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connect. Any one of several methods of supporting the verti- 


cal conductors may be used. 
is satisfactory for the smaller conductors, 
is to bolt a porcelain cleat tightly around the 
conductor. Any other fireproof insulating 
material may be used. The cleat clamp 
rests on the conduit bushing in the bottom 
of the box and thus prevents the conductors 
from moving vertically downward. A bush- 
ing type of cable support (Fig. 578), which 
is similar to that just described, is very 
satisfactory for sustaining cables in boxes 
which contain many runs. These supports 
are not any larger in diameter than the 
standard conduit bushing, and thus require 
little space. They can be obtained for one, 
two, three, or more conductors. In a box 
with a heavy sheet-steel back, the cleats 
may be fastened to the back of the box 
(Fig. 575). A piece of strap iron is placed 
over the cleat to distribute the strain and 
prevent cracking the porcelain. Another 


One method (Fig. 574), which 
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Fie. 576.—Support- 
ing clamp for vertical 
conductors. 


View 


clamp which is fastened to the back of the box or to an angle 


iron is shown in Fig. 576. 
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Fic. 577.—Details of insulating clamping blocks. 


EXPLANATION.—This support consists of two insulating clamping 
blocks (Fig. 577) which are fastened around the conductor and held to 
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an angle-iron support by means of a U-bolt (Fig. 576). Frequently, it 
is feasible to pass the U-bolt through the steel plate forming the back of 
the box instead of through an angle iron. 

Notr.—In Suprortina A Larce Caste, the insulation of the con- 
ductor is removed and the metal clamp soldered to the conductor. 
The metal clamp is fastened to an insulating panel in the back of the 
box. 
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Fira. 578.—A three-conductor bushing type cable support. The support is 
made for any number of conductors that can be accommodated in the conduit. 
The shell and wedge are of an insulating material. The shell is made in a 
number of sections equal to the number of cables to be supported, and is held 
together by a metal strap. The whole support slips into the conduit bushing 
as shown. (O. Z. Cable Support Co., Brooklyn, N. Y.) 


Nots.—Tue Narionan Evecrrican Cope Srrecirizrs Tuar ALi 
“Conpucrors In VerticaL Conpurr Risers Must Bre Supporren, 
within the conduit system, in accordance with the following table”: 


Distance between 


Wire size 
supports 
1400.0 eens 5 2° Ta eeeekinne yom eee ee | Every 100 ft. 
OUtd COU0 Mert nes a. canta ae eee ne | Every 80 ft. 
0000; t0:350:000:60M. 28 tein oe eee | Every 60 ft. 
350;000: OOM: te. 500,000: ue Oe Every 50 ft. 
5O0;000 CUM; to 750,000:0 0 ne eee | Every 40 ft. 


CAV TOTOC IME INCL ANOMHO ooo oo aco uaasese acces Every 35 ft. 
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288. The Pulling-In Of Wires Affords An Opportunity 
To Check Up Conduit Boxes.—On any job there are always 
a number of conduit boxes which will require adjustment 
later, due to their being incorrectly installed or to variations 
in plaster, etc. The wiremen may be instructed to note, 
when he is pulling in conductors, any boxes which will require 
attention. In this manner, the process of pulling-in conductors 
may afford an opportunity to check the entire job for inci- 
dental defects. 


QUESTIONS ON DIVISION 7 


1. When should the conductors be installed in the conduit? Give the ‘‘Code’’ rules 
on this question. 
2. What two methods of installing conductors in conduit are employed? Describe 
each. 
3. Define the term fishing as it is used in connection with conduit wiring. Is fishing 
always necessary and why? 
4. Describe the process of fishing. Should some conduit runs be fished in a certain 
direction? If so give this direction and explain the reasons why it should be used. 
5. Why does the pulling-in of a conduit run immediately follow the fishing? What 
arrangements should be made before starting? 
6. In what lengths is branch circuit wire purchased? What is the use of different 
colored braids? 
7. What are the advantages of using reels for carrying coils of circuit wires? Which 
type of reel is to be preferred? 
8. Explain in what lengths large feeders should be ordered. What should be done 
with the large cable reels? 
9. Give and explain the six methods of clearing obstructions from the interior of the 
conduit. 
10. Give and explain the three general methods of fishing conduits. 
11. What are the various lines or wires which may be used for fishing? State the 
advantages of each, 
12. Explain how the contour of the conduit run affects the cost of fishing and pulling 
in. 
13. What is meant by one-way and two-way fishing? 
14. Give three methods of rounding the end of a fish wire and explain each. 
15. Is a long-radius curl on the end of a fish wire of any advantage and why? How 
may a guide tube be used advantageously? 
16. Is lubrication of the fish wire of any advantage? What lubricant may be used 
and which ones should not be used? 
17. Describe three methods of hooking the two fish wires together in double-end 
fishing. 
18. How may a large-diameter, comparatively straight conduit be fished? 
19. Draw a sketch of a device for straightening a fish ribbon and describe how it is 
used. 
20. Explain the method of pneumatic pressure fishing. What are its advantages and 
disadvantages? Describe the details of an improvised outfit. 
21. Describe the pneumatic vacuum fishing method and give its disadvantages as 
compared with the pressure method. 
22. Explain the operation of a conduit fishing machine which forcibly impells the fishing 
ribbon through the conduit. 
23. Name four kinds of pulling-in lines and give the particular uses of each. 
24, Give the principal requirement of a good attachment of conductors to a pulling- 
in line. 
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25. Describe two methods of attaching conductors to a steel fishing ribbon. 

26. Describe and illustrate two methods of attaching a rope pulling-in line to a fish 
wire. Describe two methods, one when the pulling-in rope is provided with a loop and 
the other when it is not so provided, of attaching conductors to a rope pulling-in line. 

27. Give a method of attaching a group of small conductors to a pulling-in line. 

28. When more than two conductors are pulled into a conduit, why should each pair 
of conductors be identified? Explain three methods of so identifying the ends of the 
conductors. 

29. Draw a sketch of a device for removing water from a conduit. 

30. Why should the conductors be lubricated when they are being drawn into the 
conduit? What lubricant is the most desirable and why? 

31. How great a force should be required to pull in conductors? Explain the process 
of ‘feeding in” the conductors. 

32. What is the best method of gripping a fish wire? 

33. Give the common method of pulling-in heavy conduit runs. 

34, Describe three methods of pulling-in conductors with a crane. Should the rope 
be attached to the crane hook or the bridge and why? : 

35. What is the function of a guide block? For what other purpose may it be used? 

36. When tap-off conductors are drawn in with through conductors how should they 
be attached to the pulling-in line? 

37. Describe three methods of supporting vertical conductors. 


DIVISION 8 


“TESTING OUT,” SPLICING, AND TAPING CONDUIT 
WIRING 


289. The Steps Which Follows The Installation Of The 
Conductors In The Conduit, as explained in Div. 1, consists 
of connecting the conductors to each other, to the wiring 
devices (Sec. 10), and to the energy-consuming equipment 
such as luminaires (lighting fixtures), motors, and the like. 
But before such connections can be made, in many cases it is 
necessary to zdentify the conductors (Sec. 290) at each conduit 
case. It is intended to show in this division how conductors 
may be identified, how connections should be made, and how 
wire connections should be insulated. 


Nors.—Tue “Testing Our’ Or Turee-way AND Four-Way 
Switrcu Circuits is discussed quite fully in the author’s ‘Lighting 
Circuits and Switches.’”’ The reader is therefore referred to that book 
for a more extensive treatment of ‘‘testing out”’ than is given herein. 


290. To “Identify”? The Conductors, as the term is here 
used, means to ascertain, in some manner, which are the two 
ends of a given conductor or pair of conductors. After the 
conductors have been pulled into the conduit, any number of 
conductors may emerge at a given conduit case. Since each 
of these conductors must, in order to provide the desired 
circuits, be attached at some certain point in the circuit, it is 
necessary that one ascertain accurately, before making 
connections, which are the two ends of a given conductor or 
pair of conductors. 


Notr.—WaeEN Eacu Conpuit Contains Onty Two Conpuctors, 
IDENTIFICATION Or EAcu Or Tur Conpucrtors OF Tue Parr Is SELDoM 
Necessary. It may be necessary in such cases to ascertain at distri- 
bution cabinets which conduit feeds a given branch circuit but further 
identification than this is seldom (if ever) necessary for simple circuits. 
If polarity wiring (Sec. 293) is employed, the colors of the insulation will 
serve to identify each of the two conductors. If polarity is not being 
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considered, then each of the two wires need not be individually identified 
so long as both ends of a given pair of conductors are known—as will 
automatically he known when there are not more than two wires in any 
conduit. 


291. Before Identifying The Conductors, The Wireman 
Should Know Exactly How To Connect The Conductors To 
Form The Desired Circuits.—That is, he should have a wiring 
diagram of the circuit he wishes to execute. For circuits 
which have but one-location controls, the circuit diagram is 
very simple and all good wiremen can formulate the diagram 
without writing it down, and carry the diagram in their 
minds. But for circuits which have multi-location controls, 
it will generally pay the wireman to draw a working sketch of 
the wiring connections he wishes to make. For this purpose 
great help can probably be obtained from the author’s “Light- 
ing Circuits and Switches.’”’ Having the circuit diagram, 
either on paper or in one’s mind, it is then a simple matter 
to ascertain which is the proper conductor to connect between 
two points. 

292. The Methods Of “Testing Out’ Or ‘‘Tracing’’ 
Conductors In Conduit Systems are, in general, but three: 

gift Bok _ (1), By the use of marked con- 

f em’ — ductors or, what is essentially 
(the same, by marking the con- 
ductors as they are pulled into 
the conduit. (2) By pulling 
(Fig. 579); this is a mechanical 


WS->- Pulled Wire 


Red Insulation- 
Blue Insulation----- ee os 


7 


\ White Insulation” 
“Flexible Armored Conductor 


Fr G. 579.— of Testing out’”’ or Fie. 580.—Color “markings’’ of 
: tracing” conduit conductors by flexible armoured conductor enable 
pulling. conductors to be readily “traced.” 


means of identifying conductors and will be explained in 
following sections. (3) By electrical signaling as with a mag- 
neto, battery and bell or buzzer, or battery and telephone 
receiver. It is difficult to state which of the three methods is 
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best to use—good electricians may be found who adhere to 
each. The signaling method, although many electricians 
avoid its use, is certainly the most positive. 


Nore.—Txe IpentiricaTion Or Conpuctors By Markrna is really 
not a method of testing out but is rather a method of avoiding the neces- 
sity of testing out. If, when the conductors were pulled into the conduit 
they were properly and carefully marked, the wireman may proceed with 
the connecting up without any preliminary testing out. The conductors 
of armored cable (Fig. 580) generally bear different colored insulations 
for their identification. Methods of marking conductors while pulling 
in are treated in Div. 7. 


293. Identified Or Marked Conductors Should Be Em- 
ployed for the neutral wire of all three-wire systems and for 
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Fig. 581.—Polarity wiring for single-pole switch circuits. 


one wire of all two-wire systems, especially for conductors of 
No. 8 size and smaller (B. & 8. gage). The marking should 
consist of a raised coarse thread in the braid on one conductor, 
or the braid of one conductor should be finished to show a 
color which is readily distinguishable from the usual black of 
weatherproof saturating compounds. For rubber-covered 
wire the identification shall consist of a white or natural gray 
covering. This scheme of marking conductors is known as 
polarity identification. The use of polarity-identified conduc- 
tors often makes testing out unnecessary where only one 
circuit is carried in a conduit. 


Norre.—Mersops Or Wirine Licutincg Crrcuits Wirn PoLARiry 
IDENTIFIED ConpucTorRs, as required by the Chicago Electrical Code, 
are illustrated in that code. Although different schemes of polarity 
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wiring from those required by the Chicago code could be devised, it seems 
best to aim toward standardization in this respect. Hence it is here 
recommended that all polarity wiring be done in accordance with the 
requirements of the Chicago code. The circuit diagrams shown in Figs. 


Line Switches Energy Outlet Boxes, -.Line 


mM A (pe hae 


Switches, Energy Outlet Boxes. 


Interior= | |) h orournae | Interior-- He: | Groundledt* 
contact |} {Conductor Contact . _}y| Conductor 


) C Terminals. 


Lo} ; 
Screw-Shell Terminals: Screw- shell Terminals 
ISingle Conductors-Fed Through Energy Outlet win Conductors Fed Through Energy Out let 


ar le ; Mos 4 
ara “Screw Shell ' Terminals---*~ det dase 
Line?" Grounded Conduc uctonTer”ninal 2 4-4 Grounded C onductoermina oe 


ISingle Conductors-Fed Through Switches W-Twin Conductors-Feal Through Switches 


Fiag. 582.—Polarity wiring for two-gang single-pole switch circuits. 


581, 582, and 583 serve to illustrate the Chicago method of making 
connections by using polarity-identified conductors. In Figs. 584 and 
585 are shown the connections for three-location control and master 
circuits. In these diagrams the fine lines indicate the ‘‘identified” 
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conductor (colored) which shall (in the cabinets) be connected to the 
“grounded” service wire (Div. 9); the heavy lines represent the unmarked 
(black) wire which shall (in the cabinets) be connected to the ungrounded 
(hot) service wire or wires. Note that the screw shells of all sockets 
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Fig. 584.—Polarity wiring for three- and four-way switch circuits. 
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shall be connected to the identified (grounded) wire. Also, as indicated 
in Figs. 581, 582, 583, 584, and 585, single-pole, three-way, and four-way 
switches must not be connected into the circuit in the grounded wire. 
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Fia. 585.—Polarity for a combined mastered and unmastered circuit. 


294. The Identification Of Conductors By ‘Pulling’ 
(Figs. 579 and 586) consists of giving certain conductors a 


AL ES 
tA or A 


VC Caries 


DIT 


Fia. Pee rthsicatne < method of identifying wires by “pulling.’’ 


jerk at one end while helper watches at the other end.of the 
conduit run to see which conductors move. The identifica- 
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tion is confirmed by the wireman and the helper both pulling 
and clearing the identified wire. This method of identifica- 
tion is especially suited to ‘connecting up” at distribution 
cabinets where certain circuits are to be controlled by given 
cutouts or switches. Unless all of the conductors which con- 
nect to the panel board have been differently marked, some 
such means of identification must be employed. The pulling 
method is often more quickly accomplished than is identifica- 
tion by electrical methods. When more than one pair of 
wires enter a cabinet through one conduit, however, it may be 
difficult to move one pair of conductors without moving others. 
Furthermore, care must be exercised to avoid pulling the far 
ends of the conductors into the conduit. 


Exampiy.—Assume that, in the wiring of a certain hotel building, it is 
necessary to arrange the connections so that rooms 19 to 21 on each floor 
shall be on the circuit numbered 7 at the distribution cabinet on that floor 
In the layout of the conduit, the home run of this circuit was carried 
from the distribution cabinet box to, say, the ceiling outlet in room 20. 
In connecting up this circuit at the panel box, the foreman sends his 
assistant to room 20 telling him to pull (Fig. 586) on the knotted wires 
which hang from the conduit. (The home-run wires were knotted when 
the conductors were pulled into the conduit.) The foreman watches the 
loose wires at the distribution cabinet until he sees a certain pair move. 
He then signals to the assistant to ‘‘come this way.” The assistant 
understands this to mean that he, in turn, is to watch the wires to see if 
the foreman has correctly identified the wires. If the wires which the 
assistant has previously pulled are now seen to move, he signals “all 
right.’’ If the wires do not move he signals “not yet” or “no.” The 
foreman then knows that he has made a mistake and calls “pull again.”’ 
This procedure is followed until the foreman gets the “all right”’ signal. 
He then connects the identified wires to the connecting screws at circuit 
number 7 on the control panel. 


295. “Testing Out” By Electrical Signaling consists of 
establishing electric circuits through the conductors which are 
being identified or traced. The usual scheme involves the 
use of some source of low voltage, such as a dry cell or a mag- 
neto, together with some signaling device such as a vibrating 
bell, buzzer, or telephone receiver. A neat arrangement of 
testing apparatus (often called a “test set’) is shown in 
Fig. 587. If desired, however, the battery or magneto may 
be used separately of the signaling device as shown in Fig. 
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588. When the desired circuit is established, the fact is 
made known by the signal—that is, the bell will ring, the buzzer 
will buzz, or the receiver will give a “click.” 


EXAMPLE.—Two outlet boxes which are connected by a run of conduit 
containing four wires are shown in Fig. 588. If it is merely desired to 
identify both ends of any two of the wires, the bell may be fastened to 
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} Bor of 
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Four 5 
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Fig. 587.—Test set for tracing Fia. 588—Testing out, using a “copper” 
out conduit circuits. test circuit. 


two of the wires at one end as shown and the battery may be tried on the 
wires at the other end, two at a time, until the bell rings. In this way, 
one only ascertains which two wires form a pair—it is not determined 
which are the two ends of one of the wires. 

Should it be necessary to ‘‘trace’’ each wire individually, this may be 
done by connecting both one polarity of the battery and one post of the 
bell to the conduit, as shown in Figs. 589 and 590. Then the remaining 
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Fia. 589.—Testing out using a conduit-return test circuit. Test wires are 
“grounded”’ (connected to the conduit) at G and G. 


binding post of the bell is connected with one of the wires within the 
conduit and the remaining polarity of the battery is attached successively 
to the wires at the other end until the bell rings. By this method one is 
quite sure that he has found the two ends of a given wire. Another 
method of tracing the individual conductor is shown in Fig. 590. This 
method is applicable to the use of a test set. In testing out electrically, 
it is very important that no wire ends are allowed accidentally to touch the 
conduit system. 
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Fie. 590.—TIllustrating method of using test set. 
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Fie. 591.—Luminaire connected directly to conductors. “Aglite’’ fixture. 


(St. Louts Brass Co., St. Lowis, Mo.) 
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296. As Soon As A Conductor Is Identified, It Should Be 
Marked Or Connected Properly.—If the device or wire 
to which a conductor shall connect (Figs. 591 and 592) is 
already at the conduit case or may conveniently be placed 
there, it is wise to make the connection immediately after 
identifying the conductors. If, however, it is impractical 
to make certain connections immediately, the ends of the 
conductors should be marked, either with tags, or in some other 
manner, so that no mistake can be made when it becomes time 
to make the connections. 


_--.- Conductors 
Fra 


¢-- - - Porcelain Socket 


Fie. 592.—Porcelain socket installed in conduit box. (Pass & Seymour 
socket No. 598 installed in a 4-in. deep octagonal box with a raised cover 
having a 11949-in. opening. Socket is mounted on fixture stud on a P. & S. 
No. 1160 yoke.) 


297. To Make An Electrical Connection Between Two 
Or More Conductors, either one of three approved methods 
may be employed: (1) A ‘“‘no-splice block” (Fig. 593) or its 
equivalent may be used. The connection is made by: fastening 
a bared end of each of the several conductors which are to 
be connected under binding screws which are electrically 
connected by being screwed into one metal piece. (2) A 
“solderless connector” (Figs. 594, 595, and 596) may be used. 
Solderless connectors are made in many forms, some being 
covered with an insulating material, others being of metal 
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and uninsulated. When the uninsulated type is used, it must 
be insulated by taping (Sec. 300). (3) The conductors may 
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Fic. 593.—The “ No-Splice Block’’ which may be used to eliminate the neces- 
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Fie. 596.—The Sherman wire connector (will hold two No. 12 or three No, 14 
wires at each end). 


be ‘‘spliced” and soldered (Fig. 597). The splicing of conduc- 
tors is further treated in succeeding sections. 
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Norzu.—Tue Uszs Or Souperyess Connectors Is Very DrstraBLé 
and is recommended by the 1923 Copr. Joints can be made with 
solderless connectors in such short time that the saving in labor 
will usually offset the cost of the connectors. Furthermore, the 
solderless connectors become very convenient when, at a later time, it 


J 


. haa Insulated Wire 


Set Screw 


Fia. 597.—Splices in conduit wiring in a tee fitting. 


becomes necessary to break or change wire connections when testing or 
for other reasons. 

Norr.—Lues ArE Sometimes Usrep For Jointne ConpuctTors (Fig. 
598). This method is desirable for large conductors which may have to 
be disconnected in the future for testing or in locating trouble. It is 
seldom used for small conductors, for which connectors similar to that of 
Fig. 596 are best adapted. 
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Fie, 598.—Joining conductors by soldering lugs on them and bolting the 
lugs together. To simplify the illustration, only one wire is shown in each 
conduit. 


298. Methods Of Making Splices In Conductors are 
described in detail in the author’s ‘American Electricians’ 
Handbook” and will not again be given here. However, 
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since the rat-tail splice is extensively used in conduit wiring, 
its formation is described in the following note. The rat-tail 
splice is satisfactory for such joints as will not be subjected 
to great strain. 


“Outer Box 


Fie. 599.—Wires drawn out of box Fig. 600.—“Skinning”’ the wire for a 
preparatory to making a splice. joint. 


Nors.—TxHe Procepure In Formine A Rat-Tain Spiicn is as follows: 
With the wires protruding from the conduit case (Fig. 599), select the two 
wires which are to be spliced and ‘‘skin” the insulation from their ends 
(about 2 in. on No. 14 wires) and scrape the bared ends of the wires 
(see Fig. 600). The wires may then be twisted together with the fingers 
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Fria. 601.—The first twisting of the Fra. 602.—Giving a rat-tail splice 
wires for a rat-tail splice. ‘ the final twist. 


as shown in Fig. 601. The connected wires should then be given a final 
twist with the pliers (Fig. 602) to insure that the ends are well twisted. 
The joint is now ready for soldering (Sec. 299). To permit a neater job 
of taping (Sec. 300), it is well to pare the insulation to a tapered or pencil- 
point end as is shown in the illustrations. 
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299. The Methods Of Soldering Conductors are, in general, 
three: (1) With a flame; the conductors are heated with the 
flame from a gasoline (Fig. 603) or alcohol (Fig. 604) blow- 
torch until a piece of soldering wire which is being held against 


Fie. 603.—Soldering a joint with a gasoline blow-torch. 


the conductors melts and flows onto them. In emergencies 
a candle flame may sometimes be used instead of a blow-torch 
flame. (2) With an iron (Fig. 605); a hot soldering iron is 
used simultaneously to heat the conductors and melt the 


i ye 


Fria. 604.—Soldering a joint with a small aleohol blow-torch. 


solder. (3) With a ladle (Fig. 606); the solder is melted in a 
ladle which is then held up to the conductors so that the joint 
dips into the solder. This is perhaps the most satisfactory, 
although it is the most cumbersome, method of soldering splices. 
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Note.—Berorr Appiyine Souper, Eacu Joint SHounp Br Coarrp 
Wirn A SotpErInG Fuux. The flux will serve to exclude the air during 
the soldering and thus insure a stronger joint. Soldering flux may be pro- 
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Fig. 605.—Soldering a joint with an Fia. 606.—Soldering with ladle. 
“iron” or soldering copper. To solder the splice, the ladle is 
raised up so that the joint will dip 
in the solder. At first, a thick coat 
of solder will stick to the wire. 
This indicates that the joint is not 
sufficiently hot. Continue raising 
and lowering the ladle until the 
solder runs freely from the joint, 
leaving a thin coat on the wire with- 
out lumps or drops. 


cured in liquid, paste, or stick form (formulas are given in the author's 
“American Electricians’ Handbook”). The paste form is most generally 
used; Fig. 607 illustrates its application. 
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Frag. 607.—Showing method of apply- Fig. 608.—The first step in taping 
ing paste to a joint in the wire. a joint. 
300. Electrical Connections Must Be Taped Wherever 
The Connection Is Not Otherwise Insulated.—‘‘ No-splice 
Blocks” (Fig. 593) and-several of the solderless connectors 
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are furnished with an insulating covering. All other connec- 
tions between conductors must, however, be insulated by 
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Fia. 610.—Starting the application of 


Fra. 609.—Finishing the applica- 
friction tape to a wire joint. 


tion of rubber tape. Note that all 
metal has been covered. 


--Friction lape : 


Tic. 611.—“ Finishing up”’ a taped joint. Friction tape covers all rubber 
tape. 
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Fra. 612.—Showing method of splicing duplex wire in a conduit installation. 


taping. ‘Phe procedure consists simply of wrapping the exposed 
metal of the joint first with a covering of rubber tape equal 
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in thickness to that of the regular insulation of the conductor 
(Figs. 608 and 609) and then with about two layers of friction 
tape to protect the rubber (Figs. 610 and 611). In applying 
the rubber tape, the tape should be stretched to about half 
its original width and, after the joint is covered, it should, 
if necessary, be heated for about a minute with a match or 
spirit flame or with the hand to cause the tape to stick. Tape 
of 34-in. original width is generally used. A twin conductor 
may be taped as shown in Fig. 612. 


QUESTIONS ON DIVISION 8 


1. What is the step that follows the installation of the conductors in the conduit? 

2. What is meant by identifying the conductors in a conduit-wiring system? Why is 
it necessary? 

3. Is identification of conductors necessary when only two conductors are carried in 
each conduit? Explain fully. 

4. What should a wireman know before beginning to identify the conductors in a 
conduit-wiring system? Need this information in all cases be written down? Explain 
fully. 

5. List the three general methods of identifying conductors. Which method is the 
most certain in results? 

6. In what way does the identification of conductors by marking differ from the 
other two methods? 

7. For what purposes should marked or identified conductors always be used? 
What is the proper marking of the conductors for these purposes? 

8. Discuss the question of polarity wiring. 

9. Draw from memory the polarity-wiring diagrams for single-pole and three-way 
switch circuits with the outlets being fed through the energy outlet box and through the 
switch boxes in each case. 

10. Describe briefly the method of identifying conductors by pulling. Give the 
advantages and disadvantages of this method. 

11. Formulate an example to illustrate the method of identifying conductors at a 
distribution cabinet by the pulling method. 

12. What is the fundamental principle of identification of conductors by electrical 
signaling? Name two kinds of voltage-source and three kinds of signaling devices which 
may be used. 

13. Explain in detail, by formulating an example, how wires may be identified by 
electrical signaling. Draw a sketch. 

14. After a given wire has been accurately identified what should be done next? 
Explain. 

15. Explain the three methods of making connections between two or more conductors. 

16. What are the advantages of ‘‘solderless’’ connections? Are they approved by 
the underwriters? 

17. What form of splice is widely used in conduit wiring? Explain, with sketches, 
the method of making this splice. 

18. Explain the three methods of soldering joints in conductors, Which method is 
the best? 

19. What is the purpose of a soldering flux? In what forms are soldering fluxes 
obtainable? Which is most used? 

20. Under what conditions must a connection between electrical conductors be 
taped? 

21. Explain the procedure of taping a spliced joint. 


DIVISION 9 
GROUNDING CONDUIT SYSTEMS 


301. The Conduit System Should Be Effectively Grounded 
to minimize the fire hazard of accidental grounds. When 
conduit systems are installed, it is impractical to insulate them 
from the earth. At various points, they will contact acci- 
dentally with objects which are connected to the earth, such 
as gas pipes, water pipes and damp timber. The accidental 
grounds thus formed develop fire risks in one of two ways: 
(1) By arcing. (2) By short-circuit. 

302. Arcing (see following explanation for conditions 
under which it occurs) is more hazardous than the short- 
circuit because the arcing occurs on the outside of the conduit 
and may continue for some time, thus creating considerable 
heat. Also if inflammable material is near the are, it may be 
ignited. 

303. Short-Circuits between the conduit and a ‘‘live” 
conductor or between the conduit and a grounded conducting 
object, are not, when the circuit is properly fused, as dangerous 
as ares. When the circuit is properly fused the large short- 
circuit current blows the fuse and thus flows for only an 
instant. 

304. By Effectively Grounding The Conduit, A Short- 
Circuit Instead Of An Arc Will Be Produced, should the 
conduit touch a conductor of different potential than the 
ground. Thus by ‘effectively’ (through a good contact of 
low resistance) grounding the conduit, the fire hazard is 
greatly reduced. It is for these reasons that the ‘“‘Code’’ 
requires that all metal parts of the conduit system be electri- 
cally connected and effectively grounded, through connections 
of low resistance. 


EXPLANATION.—Assume that one “live” conductor within the con- 
duit becomes bared and makes contact (A, Fig. 613) with the conduit 
or with any fitting joied to it. Also assume that the other conductor 
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of the same system but of different potential is already or becomes 
grounded, as atG@. Then, a circuit is formed through each of the various 
connections to earth (Fig. 613). In each of these connections a current 
tends to flow. The one ground at A, on the one side of the circuit, 
should not of itself make trouble, provided there were no ground at G 
on the other side. In practice, however, there is nearly always a ground 
on either side of the system. In fact, one wire of alternating-current 
secondary circuits and the neutral of a direct-current three-wire system 
should, in practically every case, be grounded as specified in the ‘‘Code.” 
This is done to minimize the life hazard; see author’s ‘‘Wiring for Light 
and Power” for a discussion of this practice. 


Damp Timber Damp Timbe 


<--Gas Pipe s<--Gas Pipe 


I - Leakage Currents, Conduit Ungrounded. IL-Leakage Currents, Conduit Grounded 


Fig. 613.—Path of leakage current flowing in grounded and ungrounded con- 
duit systems. 


Now, the intensity of the currents which flow through the ground will 
vary with the resistance of the circuits concerned. The ground contact 
may (unless the conduit is intentionally grounded) have such high 
resistance as through ABG and ACG (Fig. 613) that the short-circuit 
current flowing will not be great enough to operate the fuse, but it may be 
large enough to produce an are. Such ares may develop at poor con- | 
nections (as between conduit and ground and between poorly connected 
lengths of conduit). These arcs may continue for a considerable time, 
because the fuse will not be blown. Also, these ares may cause excessive 
heating or, if near inflammable materials, may ignite them. Forexample, 
if the ground is a gas pipe, the are may burn a hole in the pipe and possibly 
ignite the gas. 

Now, when the conduit is permanently and effectively grounded, as at 
H1IJ (Fig. 613), and one of the conductors of the system accidently con- 
tacts with the conduit as at N, the resistance of the contact and the 
ground path is low. Hence, a large current will flow through the circuit 
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LF,NHIJG. This heavy current would almost instantly operate the 
cut-out, F2, disconnecting the location of the trouble from the source of 
current. This short-circuit when the conduit is “‘effectively”’ grounded 
will not likely lead to serious trouble since the heating caused by the 
instantaneous flow of large current is negligible. 


305. When There Are Two Or More Separate Parts To A 
Conduit System that are not mechanically connected they 
should be electrically connected by means of conductors or 
each part must be grounded separately. Short lengths 
(under 25 ft.) of conduit or pipe which are used for the protec- 
tion of exposed wiring on walls need not be grounded. Con- 
duit service entrances need not be grounded: (1) When they 
are guarded if within reach from grounded surfaces. (2) 
When they are insulated from the ground and metallic 
parts of the building. 


Note.—WuHeEn InstTatLting Conupit, ALL Joints SHoULD BE Goop 
ELectTricaL Connections. High-resistance joints will reduce the pro- 
tection against fire and shock which the grounding was provided to 
insure. They are also likely to cause arcing and overheating at the joints. 
When enameled conduit is employed, especial care should be taken to 
remove the enamel from the threads of both the conduit and the coupling. 
The enamel is an insulator and may prevent a good electrical connection 
between the conduit and the coupling (see also Sec. 170). 


306. Ground Conductors Differ In Function From The 
Circuit Wiring Conductors in that the ground conductors 
ordinarily carry no current. Consequently ground conductors 
do not affect the normal operation of the lights, appliances, 
or motors. It thus followsthat the ground connection may be 
broken or disconnected and that the break will escape notice 
until the emergency arises for which the ground connection 
was installed to furnish protection. Furthermore, the 
ground wire must often be run in places not usual for circuit 
wires. Hence it is more subject to corrosion and mechanical 
injury than the circuit wires. For these reasons, it is neces- 
sary to take special precautions when installing ground 
conductors. 


Norr.—Tue Grovunpine Insranuations On Tue Crrcurr-WIRING 
System are similar to those on the conduit system. The probability 
of the circuit-wiring ground conductor carrying a current is greater 
than that of the conduit-system ground conductor carrying one. For 
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this reason the circuit-wiring ground requirements are a little more 
exacting than those for the conduit system ground. Where the require- 
ments differ, the differences are given in the following sections. 


307. The Ground Conductor Should Be Installed with the 
same precautions that would be taken if it were a circuit 
wire. Thus, if the ground conductor is installed as open 
wiring, which is the usual method, all the rules pertaining to 
open knob-and-tube wiring, such as proper spacing from 
woodwork and support on knobs, must be observed. These 
precautions are necessary because in an emergency the ground 
conductor may be called upon to carry a heavy current, 
large enough to overheat it seriously. Hence, if it is carefully 
installed, the likelihood of fire is reduced. 

308. The Ground Conductor Should Also Be Of A Certain 
Current-Carrying Capacity——The “Code” requires that the 
ground conductor for the conduit system should be at least 
equivalent to No. 10 B. & 8. gage copper (where the largest 
wire contained is not greater than No. 0 B. & 8. gage) and 
need not be greater than No. 4 B. & S. gage (where the largest 
wire contained is greater than No. 0 B. & S. gage) and for 
service conduits the ground shall not be less than No. 8 
B. & 8. gage copper. The conductor must be of copper (it 
need not be insulated) or other metal (a piece of conduit may 
be used) which will not corrode excessively under the existing 
conditions, and if practicable must be without joint or splice. 

Note.—Eiruer A Wire Or A Conpuir Section May Form Tur 
Ground Conpuctror For THE Conpuitr System (Figs. 614, 618, and 
621): In alternating-current systems, two grounds are required (by 
some inspection departments) at the place of installation: (1) One for 
the grounded conductor of the wiring system. (2) The other for the 
metallic conduit system. The “Code” permits the conductors for both 
of these grounds to be composed of copper wires. The “Chicago Code”’ 
requires that the conduit-system ground conductor (for alternating- 
current systems) be a section of conduit running from the service switch 
cabinet to the ground (Fig. 614). This conduit must contain a rubber- 
covered wire which must be connected to and ground the service 
wire (Fig. 614-J). The ground conduit and the ground wire therein 
must be connected to the ground by means of independent ground 
clamps. A piece of conduit may also be used for grounding equipment, 
such as motor frames, as shown in Fig. 615. 

Norr.—Tue Grounp Conpuctor For Tue Crrcurr WIRING must be 
insulated and must be of a larger current-carrying capacity than the 
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conduit-system ground conductor. For alternating-current systems, 
the conductor must not be smaller than No. 6 copper wire nor smaller than 
one-fifth the current capacity of the wire to which it is attached, except 
that it need not be larger than No. 0 copper wire. For a three-wire 
direct-current system, the ground conductor must have a current capacity 
not smaller than the neutral wire to which it is attached. 
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Fig. 614.—Ground for the conduit Fie. 615.— Grounding motor 
system and the neutral wire as re- frame with a conduit section 
quired by the ‘Chicago Code.” A attached to water pipe. The 
conduit serves as the conductor for ground clamps used are known 
grounding the conduit system and a as “Groundits.’’ (They are manu- 
wire is used for the ground-conductor. factured by The Cowles Electric 


Co., New Britain, Conn.) 


309. The Ground Conductor For The Conduit System 
Should Be Separate fromj that for the wiring system 
(Fig. 616-2). The practice of splicing the conduit system 
ground conductor to the wiring system ground conductor 
(Fig. 616-I7) is not permitted by the “Code,” except under 
special permission of the inspection department. A short 
length of wire and a ground connection may be saved by this 
method but the protection afforded is greatly decreased. It is 
much more important to have the protection than to save the 


relatively small length of wire which may be worth only a few 
cents, 
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Nore.—Suoutp Tue Grounp Conpucror Become Broken Ar A 
(Fig. 616-77), when both conduit and neutral wire are grounded with 
the same conductor, then the interior conduit system would be raised to 
the potential of the neutral wire (assuming no other low-resistance 
grounds existed on the conduit system). The potential of the neutral 
wire may be different from that of the ground. Thus a voltage would 
be impressed on the conduit system, in case the ground wire were broken. 
This might cause a fire or establish an accident hazard. 
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Fic. 616.—Showing correct and incorrect methods of running the two-ground 
conductors. 


310. The Ground Connection For The Conduit System 
should be as near as practicable to the service entrance, that 
is to the point where the conductors in the system receive 
their energy supply. The point of attachment should be 
such, that both the connection and the ground wire are 
protected from injury and still are accessible for inspection 
by the electrician or the inspector. The ground wire should 
be as short as possible. The connection should be perma- 
nently and effectively made to a water-piping system if avail- 
able. When possible, the connection must be made on the 
street side of the water meter (Fig. 616) unless a long run is 
required, when it may be made on the inside of the water 
meter, provided the meter is shunted with a conductor (Fig. 
617) and all parts of the system liable to create a hazard are 
electrically connected. If the connection to a water-piping 
system would require a long run (over 20 ft.), the ground may 
be made to the gas-piping system or to an artificial ground 
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(Sec. 315). Should the gas-piping system be used, it must 
be bonded to the water-piping system within the building at 
their points of entrance. 


Nore.—WueEn Tue Servick Conpurr Is Grounpep, its ground con- 
ductor should be run direct from it to the ground connection. ‘The 
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Ira. 617.—Method ef grounding conduit system to water pipe on the inside of 
the water meter. 


interior conduit if well bonded (electrically connected triangle conduit, 
metal boxes or with a conductor) to the service conduit which is grounded 
as provided above, will require no additional ground. The ground on 
the interior conduit system shown in Fig. 618 is not required by the 
“Code” and is seldom employed. 
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Nore.—Grovunpine On Tur Gas-Pipinc System may be employed 
only for conduit, equipment, etc. It should not be used to ground 
the cireuit-wiring system. When it is used, the ground connection must 
be made between the gas pipe entrance to the building and the meter. 
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Fie. 618.—A neat method of grounding the conduit system and the neutral 
wire of the wiring system to a water pipe. The conduit protects the ground 
wire for the neutral and also serves as a ground conductor for the service 
conduit. The Type A connection has only one clamp, while the Type B 
connection has two clamps, one for the conduit ground and the other for the 
wire ground. The clamp can be obtained for 14 to 114-in. conduit and for 
pipe sizes of from 14 to 6in. The ground on the load side of the switch box 
is not required by the “Code.’’ (Clamp made by The Cowles Electric Co., 
New Britain, Conn.) 


311. For The Ground Connection To A Metallic Piping 
System, an approved ground clamp, which is bolted around 
the pipe (Figs. 619, 620, and 621-IJ), or a brass plug which 


Brass 
Plug. 


*-Water Pipe’ Clamp.’ 


I-Plug Connection IkClamp Connection SS Pound Conductor 
Fig. 619.—Methods of connecting Fic.620.—Groundclamp. (Conduit 
ground wire to a water pipe. Electrical Mfg. Co., Boston, Mass.) 


screws tightly into a pipe or a fitting (Fig. 619-J) should be 
used. The old-style wire-wrapped ground joint (Fig. 622), 
provided it affords substantial and reliable attachment, may 
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be employed. But, as the commercial ground clamps and 
plugs are inexpensive, it is usually more economical to use 


_ one of these than to attempt to make up a good connection. 


Either a soldered lug or an approved solderless connector 
should be used for attaching the ground wire to the clamp or 
plug. It is obvious that the 
solderless connector requires less 
time to install. 


_----Condult 


Norrt.—TuHer Ground ConneEcTION To 
Tuer WarTeER Pipe is the most important 
part of the grounding installation, as it is 
particularly subject to corrosion, removal, 
mechanical injury, and loose contact. 
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Fic. 621.—Grounding conduit and wire system in back of water meter and 


* using a shunt around the meter. The Type 7 connection includes a coupling 


which screws into the pipe system, instead of the usual clamp. This type of 

connector could also be used in the water pipe line. It makes a very secure 

ground ‘connection. (Made by The Cowles Electric Co., New Britain, Conn.) 
Fig. 622.—A wire-wrapped ground joint. 


Especial care should be taken to make it a good electrical connection, and 
to place it in an easily accessible location. 


312. Ground Clamps provides a very satisfactory connection 
between the ground wire and the pipe system. They are 
used more extensively on small water pipes and artificial 
grounds than are the plugs. Usually, no tee is provided in 
the water-pipe line, and the use of the plug would require 
cutting the pipe and inserting a tee. Various types of clamps 
are made which may be purchased for any reasonable size of 
pipe. The simple type shown in Fig. 620 seems to serve as 
well as any. In using a clamp, the pipe must be carefully 
scraped free from rust or scale and the clamps fastened firmly 
and solidly to the pipe. A good way to prepare the pipe is 
to place a pair of pliers on it where it is to be cleaned and turn 
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them around it until the surface is bright. Any ground clamp 
should be regularly inspected and tightened after standing. 
This is to take up the stretching of the copper band and the 
loosening caused by expansion. When the solder-lug type is 
used, the wire conductor should be soldered to the lug before 
the lug is attached to the clamp. 


Note.—Tue Current-Carrying Capaciry Or Grounp Ciamps is 
limited. While the ‘‘N. E. C.” does not specify any limit nor does it 
require more than one ground clamp for any connection, the ‘‘Chicago 
Code’’ does limit the current carrying capacity of the standard clamp 
to 100 amperes. When the mains are of a current-carrying capacity 
greater than 100 amperes, it requires that a group clamp be provided for 
each 100 amperes or fraction thereof of main carrying capacity. For 
example, assume that mains of 400,000 C.M., which has a carrying 
capacity of 325 amperes, are installed. In such a case the ground wire 
for both the neutral and the conduit must each be connected to the water 
pipe by 4 standard ground clamps. 

Norr.—In Tue Construction Or Ground Cramps, THE Materials 
(as specified by the ‘ National Electrical Code’”’) may be copper, cast 
brass, malleable iron, or sheet-steel, except that parts to which soldered 
connections are made must be of copper or brass. Sheet-metal clamps, 
if of copper, must have a thickness not less than No. 16 B. & S. gauge 
(0.051 in.) or, if of steel, must be hot galvanized and not less than No. 
16 U. 8. gauge (0.062,5 in.) in thickness. The minimum width of sheet- 
metal clamps to be not less than 34 in. Clamps, if made of malleable 
iron, must be hot-galvanized or sherardized in an acceptable manner as 
a protection against corrosion. 


313. Usually At Least Two Clamps Are Used, one for 


attaching the wire to the water pipe and the other for fastening 
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Fic. 623.—Ground clamp connected Fia. 624——Connecting the ground 
on conduit. wire with a locknut. First step, lock- 


nut screwed back and contact faces of 
box and locknut scraped clean. 


it to the conduit (Figs. 617 and 623). The connection to the 
conduit should be as well made as that to the water pipe. 
The method of attaching the ground wire directly to the con- 
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duit between a locknut and a conduit box (Figs. 624 and 625), 
is sometimes employed but cannot be recommended. More 
time is required for making such a connection than is required 
for the ordinary clamp attachment. Also it is very doubtful 
if such a method would be passed by the local inspector. 


@ ondult.’ 


EI<--cround Wire Clamped 
J Under Locknut 


Fig. 625.—Connecting the ground wire with a locknut. Second step, 
loop the ground wire, in correct direction, around the conduit between the 
conduit box and locknut and then tighten up the locknut. Test the tight- 
ness of the ground wire by pulling onit. 

314. A Brass Plug having a solder lug connection for the 
ground wire (Fig. 619-IZ) probably makes a better ground 
connection than does a ground clamp. However, they are not 
employed as often as they should be because tees for their 
reception are rarely provided, “‘ahead 
of the meter”’ in ordinary water pipes. 
They are very satisfactory for ground- 
ing to large water mains where it would 
be difficult if not impossible to install 
a suitable clamp around the pipe. 
Under such conditions all that is re- 
quired, when using the plug, is to drill 
and tap a small hole, in the large 
mains to accommodate the plug. 
K----pieceot Then screw the plug therein. 
vy’ °’ 316. Artificial Grounds (Fig. 626) 
are seldom employed where water 
pipes are’ available because a water 
Meee ear etund oles earth-connection 1s more easily 

made of wein, pine and quickly made and is usually 
better. However, they are used when 

no water pipes are available. They should be located, where 
practicable, below permanent moisture level. Each ground 
must present not less than 2 sq. ft. of surface to exterior soil. 
The ground may consist of any metallic body which does not 


Grouna Conductor. 


Terminal 
ROSEN T Lug. 
Brass : 
Connecting 
Plate ---* 


Should Extend ay \ 
2’ Into Permanently Sp 
bamp. Soil IY 


Src. 314] GROUNDING CONDUIT SYSTEMS 373 


easily corrode. Usually an cron pipe, conduit, or rod driven into: 
the ground is used. Pipe grounds are most often employed. 
While they are the cheapest, they are very effective, if 
properly installed. The disadvantage they have is that they 
should be inspected at intervals because iron pipe, under cer- 
tain conditions, rusts away rapidly, particularly at the ground 
line. The connection of the ground conductor to an artificial 
ground may be made in the same manner as it is made to a 
water pipe; that is, with a ground clamp or brass plug, or by 
@ wire-wrapped joint. Other methods of connection (see 
author’s ‘‘ Wiring For Light And Power’’) may be used such 
as clamping a brass plate (Fig. 626) between two locknuts 
screwed on the threaded end of the pipe. 


Norr.—Tue Resistance Or Tue Pien Harta Connection depends 
on various factors and conditions. The resistance of the connection 
will usually vary inversely as the depth of the pipe in the conducting 
stratum. Nearly all of the resistance is concentrated in the immediate 
vicinity of the pipe. A salt or charcoal filling, placed around the pipe, 
will greatly reduce this resistance (see author’s “ Wiring for Light and 
Power).”’ Several pipes connected together (forming a multiple-pipe 
ground) may be used for the earth connection. The pipes should not 
be closer together than 6 ft. but should be electrically connected at their 
tops with a conductor. When so arranged, the resistance of a multiple- 
pipe ground will vary inversely as the number of pipes composing it; 
that is, if 4 pipes are employed the combined resistance will be only 
one-fourth of the resistance of a one-pipe connection. The diameter 
of the pipe has little effect on the resistance. A 1-in. wrought-iron pipe 
is usually employed. A good earth connection made by a single pipe 
driven into the ground should have a resistance less than 20 ohms. 


QUESTIONS ON DIVISION 9 


1. Explain why a conduit system should be effectively grounded. 

2. Must all conduit be grounded and if not what are the exceptions? What pre- 
cautions should be taken when installing conduit so that the ground connection is more 
effective? 

3. In what manner does a ground conductor differ from a circuit-wiring conductor? 
How do the rules which govern their installation differ? Are conduit system grounds 
similar to the wiring system grounds? 

4, Give the rules for installing a ground conductor for a conduit system and for the 
circuit-wiring system. Of what material must the conductor be in both cases? 

5. How many ground wires must be used for both the conduit system and circuit- 
wiring grounds? 

6. Explain how ground connections should be made. Explain as to where they should 
be connected and the method of making the connection. 

7. State the use of a ground clamp and its advantages. Describe the method of 
installing a ground clamp. How many clamps should be used? 

8. Explain the use of a brass plug for a ground connector. 

9. When should artificial grounds be used? Describe how they can be constructed 
and the methods of connecting the ground conductor to them. 


DIVISION 10 


TESTING CONDUIT WIRING FOR CONTINUITY AND 
INSULATION 


316. After The Installation Of A Conduit-Wiring System 
Is Completed, The System Should Be Tested to insure that 
there are no flaws in the wiring. This should preferably be 
done before the public service company is asked to connect 
to the service conductors. By making the proper tests, the 
wireman can assure himself that: (1) All connections have 
been properly made. (2) No short-circuits exist in the system. 
The insulation of no conductor has been dangerously damaged 
during its pulling-in. He may then leave a job with the 
assurance that he will not be called back to correct some fault 
in the wiring. 


Nore.—Extensive Tests For Continuiry Anp InsuLaTION ARE 
Sretpom Maps by wiremen. Experience has shown that the occurence 
of serious faults, in the wiring of buildings which has been installed by 
good wiremen, is quite infrequent. Occasionally, a wiring installation 
may contain a short-circuit or a faulty connection, but such errors would 
scarcely ever lead to serious results. Should the energy be supplied to 
such a system, about the most serious result that could happen would 
be the opening of a cut-out (the blowing of a fuse) or the failure of the 
energy reaching an outlet. Hence the usual practice is to connect the 
supply wires without first performing tests for continuity and insula- 
tion. Faults in the system are then detected by connecting a device to 
each energy outlet and operating the switch or switches which control 
that energy outlet. 


317. The Order In Which Tests For Continuity And Insula- 
tion Should Be Made, is as follows: (1) Tests for electrical 
continuity of the conduit itself (Sec. 318). (2) Tests for short- 
circuits (Sec. 319). (3) Tests for continuity of conductors and 
proper connections (Sec. 320). (4) Tests of insulation resis- 
lance between conductors and conduit (Sec. 323). (5) Tests of 
insulation resistance betiveen conductors (Sec. 323). 

374 
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318. In Testing The Electrical Continuity Of The Conduit 
System, In A Conduit-Wiring Installation (Fig. 627), a good 
method consists of using the conduit as a return for a signal 
circuit. A simple method of making connections for this test 
would be to fasten one end of a long piece of bell wire to the 
service conduit, S, and attach the other end of this wire to 
one post of a test set, J (see Fig. 587). Then carry the test set, 
with the bell wire attached, in turn to each conduit case in 
the building which has but one conduit ending at the case 
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Fie. 627.—Diagrammatic view of conduit wiring in a residence. 


(eases A and B, Fig. 627). To each such conduit case touch a 
wire which is attached to the second post of the test set. If 
the conduit system is electrically continuous, the bell or 
buzzer will respond whenever the wire is touched to any 
conduit case. If, however, the response is obtained at all of 
those cases which have only one conduit entering them, then 
it is certain that the conduit system is electrically continu- 
ous to those cases which have more than one conduit end 
within them. 


Exampiy.—Assume that in testing the conduit system of Fig. 627, 
a response is obtained each time that the test set is touched to one of 
the cases A, but not when it is touched to case B. This indicates that 
the conduit system is electrically continuous except between points 
E and B. The test set should then be employed successively at cases 
D and C. If a response is obtained at D but not at C, this indicates a 
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faulty connection of the conduit run CD to one of the two cases, This 
should then be remedied by unscrewing the bushings inside these cases, 
scraping the enamel from the inside of the cases, and again screwing 
up the bushings firmly against the side of the case. 
Nors.—Tue Water Or Heatina Prring May Br Usep As A poe 
TION Or THE SigNAL Crircurr (Fig. 
Partition. 628) for testing continuity of the con- 
duit system. It is evident that, when 
testing as above directed, a long piece 
of bell wire must be dragged about the 
building. To forestall this inconveniece 
the method of Fig. 628 may be employed 
(the conduit must, however, be grounded 
to the water-system piping as at G in 
" Fig. 627). Instead of the radiator of 
Fig. 628, a faucet in a nearby kitchen or 
bathroom may be used. The conduit 
system then is connected in series with 
the water or heating piping and only short lengths of wire are needed. 


Switch Box- -" 


Fia. 628. Sepoxting piace 
of conduit through the heating- 
system piping. 


319. In Testing For Short-Circuits (Fig. 629), a good 
method is to disconnect all energy-consuming devices (unscrew 
lamps from fixtures, etc.), close all switches and cutouts, and 
then attach a test set to the service entrance wires. If 
there are three service wires they may be connected to the test 
set in pairs, that is, two at a time. Under the above condi- 
tions no signal should be received at the test set. 
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Branch Circuits 
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Fira. 629.—Testing for short circuits. 


Notre.—Ir A Sianau Is Propucep, Tur SHorr-Crrcurr Can Br 
ALLOCATED by removing fuses along the circuit as follows: Remove 
the nearest fuses to the service entrance (A, Fig. 629). If the signal 
continues, the short-circuit is in the service conduit. If removing 
fuses A stops the signal, replace fuses A and remove all of the fuses on 
the distribution panel B. If a signal is now heard, the short-circuit is 
between A and B. If no signal is now heard, replace the fuses on B a 
set at a time until the signal is again heard. The circuit which is fed 
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by the set of fuses which again started the signal is then the one which 
contains the short-circuit. By unfastening the splices in this circuit, 
beginning nearest the fuses, until a point is reached where breaking 
the conductors does not stop the signal, the location of the short-circuit 
can be localized to a certain run of conduit. Then, unless the short- 
circuit can be found in a poorly taped joint or similar place at one end 
of this run, the conductors in the run must be removed. 


320. To Test For Continuity Of Conductors And Proper 
Connections, a very good method is as follows: (1) See that 
no Oe lal bias devices (lamps, motors, etc.) are connected 

— to the conductors. (It is here 
Distribution P rel ~ | assumed that the wiring has 
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Fig. 630.—Showing how to fasten Fig. 631.—Device for testing 
dry cells to a 3-wire system for testing continuity of circuits to lamp 
for continuity of conductors and sockets. 


proper connections. 


two cells may be attached—one to each side (Fig. 630). 
(3) Connect a bell or buzzer in turn to the two conductors at 
each outlet. If sockets are already attached to the conductors, 
an attachment plug fastened to a buzzer (Fig. 631) will be 
found convenient for making the tests. While the bell or 
buzzer is attached at an outlet, have an assistant operate 
the switch or switches which control that outlet to see that 
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they actually control the outlet. If the conductors are con- 
tinuous, the bell will ring. 

321. The “Code” Makes A Requirement As To Insulation 
Resistance (““Code” rule No. 507, see note below). Although 
the “Code” also specifies that all conductors must have an 
“approved” insulation, the requirement as to the insulation 
resistance of the completed installation is necessary to insure 
that the insulation of the conductors has not been damaged 
during pulling in. The test for insulation resistance (Sec. 322) 
is seldom required by local inspectors but the wireman should 
be prepared to make the test if ever it should be required. 
Methods of testing insulation resistance are given in following 
sections. 


Nore.—Tup ‘“Copn’”’ Rute Governinc INSULATION RESISTANCE 
is as follows: 


“A completed installation shall have a resistance between conductors, and between 
all conductors and ground, not less than:”’ 


Current | Resistance Required 
Up to 5 amperes | 4,000,000 ohms 
Up to 10 amperes ‘ 2,000,000 ohms 
Up to 25 amperes 800,000 ohms 
Up to 50 amperes 400,000 ohms 
Upto 100 amperes 200,000 ohms 
Up to 200 amperes 100,000 ohms 
Up to 400 amperes 50,000 ohms 
Up to 800 amperes 25,000 ohms 
Up to 1,600 amperes 12,500 ohms 


“The above values shall be determined with all cutouts and safety devices in place. 
If lamp sockets, receptacles, fixtures and other apphances are also connected, the 
minimum resistance required shall be one-half that specified in the table.’’ 


The current shown in the table is that which is required by the installa- 
tion; it may be taken as equal to the capacity of the main cutout. Note 
that, in the above table, the product of the current and the required 
resistance always equals ‘‘20,000,000.”’ 


322. To Measure The Insulation Resistance Of A Conduit- 
Wiring Installation, either one of three methods may be em- 
ployed: (1) The ‘Megger” method (Sec. 323). (2) The volt- 
meter method (Sec. 324). (3) The Wheatstone-bridge method, 
see note below. The ‘‘Megger” method gives the resistance 
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directly without any computations but involves the use of 
the “Megger,”’ an instrument which is costly. The voltmeter 
method involves less computation (usually) than does the 
bridge method but a suitable voltmeter also is quite costly. 
A Wheatstone bridge may be purchased at small cost or may 
be readily improvised. Experience shows that the voltmeter 
and bridge methods are very much more difficult to execute 
than is the “Megger” method. In fact, many wiremen 
believe that the “Megger”’ method is the only reliable one. 


Notre.—TxHr WuHEATSTONE BripcGe Anp Its Use For Merasurine 
RESISTANCE are described in detail in the author’s “American Elec- 
tricians’ Handbook,” as are also methods of making improvised bridges. 
Inasmuch as a resistance test can be made in much less time by the 
voltmeter or by the ‘‘Megger’”’ method, the bridge method is not recom- 
mended for insulation tests. Moreover, the bridge method requires 
more experience on the part of the person making the test and he is 
more likely to become confused with it than with either of the other 
methods. 


323. To Measure The Insulation Resistance Of A Conduit- 
Wiring Installation With A ‘‘Megger” (Figs. 632 and 633) 


Bell Wires 


‘Ground’ Fastened--- : 
Under Bushing 


Fria. 632.—Connection diagram of the “ Megger’’ method of finding insulation 
resistance between conductor and ground. 


it is only necessary to connect wires from the terminals to 
the two conductors between which it is desired to measure 
the resistance and then to rotate the crank at about the proper 
speed (marked on box). The insulation resistance may 
then be read directly from the scale of the instrument. (It 
is to be understood that all energy-consuming devices— 
lamps and the like—are to be disconnected during this test 
and that all switches and cutouts are closed.) The insulation 
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resistance should first be measured between the conductors, 
thus: (1) Between the two conductors of a two-wire system. (2) 
Between each two of the three conductors for a three-phase system. 
(3) Between the two outside wires and between the center— 
neutral—and each outside wire of a three-wire system. The 
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Fig. 633.—Diagram showing operating principle of the “Megger.”’ 
Between the poles of the permanent magnets M and M there are mounted at 
one end the armature, D, of the hand-driven generator and at the other end 
three coils, A, B, and C, which are pivoted to rotate about an axis through O. 
When no electrical connection exists between the terminals 7, the voltage 
produced by D forces a current through R:1, B, and C, which are connected in 
series. This drives these coils to the point where minimum flux from the 
permanent magnets passes through them; that is, directly opposite the gap in 
the C-shaped iron piece G. In moving, the coils carry the pointer to the 
line marked “Infinity’’ on the scale. 

When a suitably high resistance is connected between the terminals, 7’, 
the current from the generator divides at K, part passing through the external 
resistance and then through R: and the coil A. The current through the 
coil A tends to rotate it in the opposite direction from that in which the 
current through B and C tends to rotate them. Since the coils A, B, and C 
are all rigidly fastened, their position (and hence, that of the pointer) is 
determined by the relative currents through the two paths. If the terminals 
T’ are short-circuited, the pointer will move to the zero of the scale. The 
resistances R; and FR» function to limit the current through the coils and thus 
prevent damage. 


insulation resistance from each conductor to ground should 
then be measured (the conduit itself, if already grounded, 
will serve as a conductor for this measurement). If the 
neutral is grounded, the resistance between an outer wire and 
the neutral will be the resistance to ground, 
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Norr.—Ir Tue Insutation Resistance Is Too Low, that is, lower 
than is required by the ‘‘Code,” it is very likely that some section of 
conductors has had its insulation damaged or that some other insulation 
(such as a slate switch-base or panel board) is defective. The point of 
low resistance may be found by elimination. Each of the feeders or 
mains is successively cut out of the circuit by opening the switch or 
cutout which controls it. The opening of one switch or cutout will 
probably relieve the low-resistance condition. The point of low resis- 
tance is then known to be in that portion of the wiring which was cut 
off by the switch or cutout. By following this same procedure for por- 
tions of this first-found portion and so on, the trouble can usually be 
traced to its actual location. 


324. The Voltmeter Method Of Measuring Insulation 
Resistance (Figs. 634 and 635) is briefly this: A source of 
direct-current voltage, as high as possible, and a high-resistance 
voltmeter are required. A number of dry cells connected in 
series so as to give at least 7.5 volts is often a satisfactory 
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Fig. 634.—First step in measuring insulation resistance with a voltmeter. 


source of voltage. The higher the voltage of the source, 
however, the more accurate will be the final result. The 
voltmeter, V, is first connected (Fig. 634) to read the voltage 
of the source, S. Call this reading of voltage H. The volt- 
meter is then connected (Fig. 635) in series with the voltage 
source and wiring system. (All switches and cutouts in the 
wiring system should be closed, but all energy-consuming 
devices—lamps and the like—should be disconnected from 
the system.) The voltmeter is now again read. This 
reading is called H,;. Now the resistance of the voltmeter 
may be determined (it is usually marked on the box). Call 


382 CONDUIT WIRING [Div. 10 


the resistance of the voltmeter R,. Then the resistance of 
the installation (R) may be computed by the formula: 


(1) R= RF - 1) (ohms) 


Wherein the symbols represent values as designated above. 


Exampie.—lIn a building where the main cutouts have a rating of 
100 amp., the readings of the voltmeter during an insulation test are as 
follows: Voltage of battery = 7.35 volts. Voltage reading when wires 
A and B (Fig. 635) are connected to conductors = 0.85 volts. Voltage 
when A and B are connected to one conductor and ground = 0.40 volts. 
The resistance of the voltmeter = 50,000 ohms. Does the insulation 
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Fra. 635.—Second step in measuring the insulation resistance with a voltmeter. 


comply with code requirements? So.tution.—For finding the insula- 
tion resistance between conductors, the values to be used in For. (1) 
are: R, = 50,000 ohms. # = 7.35 volts. #: = 0.85 volts. Hence, 
by For. (1), the resistance between conductors = R = R,{(H/E;) — 1] = 
50,000 [(7.85 + 0.85) — 1] = 50,000 X (8.65 — 1) = 50,000 X 7.65 = 
382,500 ohms. Likewise, for finding the resistance between one conductor 
and ground, H; = 0.40 volts. Hence, by For. (1), the resistance from 
conductor to ground = R = R,[(F/E,) — 1) = 50,000[(7.35 + 0.40) — 1] 
= 868,750 ohms. Now, by code rule 507 (note under Sec. 321), the 
minimum allowable resistance for an installation requiring 100 amp. is 
200,000 ohms. Hence, the insulation resistance of the installation of 
this example is ample to satisfy code requirements. 


QUESTIONS ON DIVISION 10 


1. When, in the course of a wiring job, should the system be tested? 

2. What good is accomplished by making tests of a wiring installation? (State 
the three conditions which are checked by the tests.) 

3. In practice, what is usually done about tests for continuity and insulation? 

4, Name the order in which tests for continuity and insulation should be made. - 

6. Explain, and draw a sketch to illustrate, a method of testing the electrical con- 
tinuity of the conduit in a conduit-wiring installation. 
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6. How may piping within a building be used to simplify the testing of conduit 
system continuity? 


7. Explain the procedure of finding and repair of a discontinuity in the conduit of a 
wiring system. 
8. Explain in detail the method of testing wiring installations for short-circuits. 
9. Draw asketch to show how batteries should be connected to a three-wire system in 
testing for short-circuits. 
10. Explain in detail the method of finding the point at which a short-circuit exists. 
11. How may a wiring installation be tested for continuity of conductors and proper 
connections? Explain fully. 
12. What is the purpose of the ‘‘Code’’ requirement for insulation resistance of wiring 
installations? 
13. What are the three methods by which the resistance of the insulation of the con- 
ductors may be measured? What are their relative advantages and disadvantages? 
14. Draw a sketch to show the principle of operation of a ‘‘Megger’’ and describe 
how the instrument functions. 
15. How would you measure insulation resistance with a ‘‘ Megger?” Explain fully. 
16. If the insulation resistance is found to be too low, how may the weak point be 
located? 
17. What are usually the weak points of the insulation of a wiring system? 


18. Explain, with sketches, the method of finding insulation resistance by the volt- 
meter method. 


DIVISION 11 
CONDUITS FOR TELEPHONE CIRCUITS 


325. The Places Where Conduits Are Used For Telephone 
Circuits are, in general, the following: (1) Underground 
entrance wires (Sec. 328). (2) For carrying cables throughout 
apartment buildings, hotels, and office buildings, especially in 
cases where the cables are small and in buildings of less than 
12 stories (Sec. 327). (3) For distributing twisted pairs from 
cable terminals, especially in hotels, apartment buildings, and 
sometimes in office buildings (Sec. 327). (4) For protecting or 
for concealing portions of circuits, especially in residences and 
office buildings (Sec. 327). 

Nore.—Conpvuirs SHoutp Not, In Generar, Be Usep For Sucu 
TELEPHONE WirinG As Is Nor Lixety To Be PERMANENT. That is, 
in office and loft buildings, the wiring which leads to the telephone 
instruments and which therefore depends on the desires of the tenant, 
should not, preferably, be placed in conduit. Some more flexible means 
of wiring should be employed so that the locations of telephones may read- 
ily be changed as when a new tenant takes possession. It is advisable, 
in such buildings, to run the wires in molding wherever feasible (see also 
Sec. 327). 

326. The Local Telephone Company Should Always Be 
Consulted prior to the laying out or installation of any con- 
duits for telephone circuits. In the following sections sug- 
gestions are given which will, ordinarily, apply generally. 
But your local company may have certain special requirements 
which must be satisfied; these must be ascertained. Further- 
more, the local company may have available data or plans 
which relate to installations similar to that which you con- 
template. Consideration of these may save you considerable 
effort and cost. For any project in which there will be more 
than a few telephones, the architect should always consult the 
local telephone company before proceeding with the plans. 
This should be done to insure that suitable cable shafts, 

384 
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cabinet recesses, wire mouldings and the like will be provided 
by him in the contemplated building. 

327. The General Method Of Distribution That Is Em- 
ployed In Wiring Buildings For Telephone Service (Fig. 636) 
varies, as explained below, with the size and type of building 
that is to be served. In all cases, however, each direct-line 
telephone must be connected with the telephone exchange by 
a pair of wires. Each private branch switchboard must be 
connected with the exchange by one pair or a number of pairs 
(called trunk lines) and, usually besides these, by a pair of 
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Fig. 636—Diagram showing general scheme of distributing telephone 
service. 


bell-ringing wires. The wires are carried from the exchanges 
(H, Fig. 636) in lead-sheathed cables, C, containing many pairs 
of small-size wires. The largest cables carry 1,212 pairs of 
wire. For distribution, the wires are carried as far as possible 
in the large cables, C, and are then spliced progressively to 
the wires of smaller and smaller cables D, D, etc. The smallest 
cables (which are used ordinarily only inside of buildings) 
contain but 6 pairs. Near the location of the telephones 
which are to be served, the cable is ended in a cable terminal 
or terminal box, T, from which the pairs of wire are carried to 
the telephones as twisted pairs. The terminal box serves 
merely as a junction box. The differences in the wiring 
of buildings of different types are about as follows: 
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I'ra. 637.—Showing telephone wiring in a resisdence where conduit is used. 
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Tue TELEPHONE Wirtne In Restpences, since residences usually 
contain but one telephone, consists of only one twisted pair. The cable 
terminal from which the twisted pair runs is located on a nearby pole 
Gf the telephone cables in the neighborhood are run overhead) or in a 
manhole (if the cables are underground). The owner may, if he desires, 
arrange for an underground entrance of the wires (Sec. 328) and he may 
provide a cabinet (Fig. 637) for the telephone protector (which protects 
against excessive currents and lightning). He may further provide 
conduit for the wires to the instrument and for the ground wire (Fig. 637). 

THe TELEPHONE WirinG In APARTMENT BuiLpINGs WuicH Have 
Few Fioors AND WHERE Eacu APARTMENT Has CoNsIDERABLE FLOOR 
AREA (Fig. 638) is generally arranged as follows: A cable of sufficient 
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Fie. 638.—Plan of an apartment building and section showing method of 
placing conduits for telephone service. 


capacity to serve the entire building enters a cable terminal in the base- 
ment. From the cable terminal twisted pairs are run to several points 
where riser conduits are placed so that each conduit serves a tier of 
apartments. Outlet boxes on the conduit risers serve to hold the boxes 
for desk telephones. 

Tur TELEPHONE WirING In Hotets AND APARTMENT BUILDINGS, 
Wuicu Have Many Fioors Anp WHERE Eacu APARTMENT Has LITTLA 
Fioor ARBA, consists of one or more cable terminals on each floor from 
which conduit is run to the different apartments on that floor. The 
cable may be carried to the terminal boxes through conduit (similar to 
Fig. 639) or by means of a shaft in the building (as in Fig. 641). From 
the terminal boxes, a separate 14-in. conduit may be run to each telephone 
location, or the twisted pair wires for several telephones may be run 
through one conduit. A 34-in. conduit should not be used for more 
than 4 twisted pairs, however, nor a }4-in. conduit for more than 2 twisted 
pairs. 

Tue TELEPHONE WirinG In Orricre BurLpiInes may be of the same 
nature as described above for hotels, as shown in Figs. 639 and 640, but 
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more often office buildings have a more “flexible” wiring arrangement. 
Inasmuch as the telephone arrangement in office buildings is subject 
to the demands of the tenants, such buildings are wired so that changes 
may be made with as little expense as possible. To this end, cross- 
connecting terminals (sometimes called main frames; see M, Fig. 636 
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and Fig. 639) are generally placed in the basements to permit connecting 
together telephones on different floors and for other “flexibility” reasons. 
Furthermore, the twisted pairs from the cable terminals are generally 
ruin in wire molding (Figs. 641 and 642) rather than in conduit, so that 
changes in telephone locations can more readily be made. Further 
details of telephone wiring in office buildings, showing uses of conduit, 
are illustrated in Figs. 643, 644, 645, 646, and 647. 
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328. Underground Entrance Conduits For Telephone 
Service (Figs. 648 and 649) must, usually, be installed at the 
owner’s expense whenever it is desired to conceal the entrance 
of circuits which emanate from overhead pole lines. The 
telephone companies will not install their wires in entrance 
conduits, however, unless the conduits comply with certain 
requirements: (1) The size of the conduit is usually 114-in. 


Key 
ame = Ha// Terminal box Near Riser Cable 
— -Sevarate Conduit kun To Each Office 
For Carrying Wires. All "Conduit 


Fic. 640.—Typical floor plan of 11-story office building showing conduits 
for teiephone circuits. See Fig. 639 for corresponding riser diagram. 


for residences, 2-in. or larger for apartments, hotels, and office 
buildings. The minimum size for any given installation will 
be designated by the telephone company. (2) The conduit 
must be laid as straight as possible; it shall have no pockets 
which will collect and hold water and shall have no more than 
two bends. The bends shall have a radius of not less than 
30 in. No reverse bends are permitted. (3) All joints must 
be watertight. (4) The conduit must be at least 30 in. below the 
ground surface. (5) Drainage must be provided for. The 
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Ira. 641.—Sections through the cable shaft of an office building showing 
methods of distributing cables to terminal box. 
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Fic. 642.—Partial floor plan of office building showing arrangement of tele- 
phone wiring (this is the same building as is shown in Fig. 641). 
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Fic. 643.—Section through cable shaft, corridor, and offices of an office build- 
ing showing conduit-wiring details. 
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Fra, 644,—Section through an offce-building showing telephone wiring in 
conduit. 
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Fie. 645.—Conduit connection between wooden mouldings in hall and in 
rooms of an office building. 
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Fra. 646.—Concealed conduit connection between wooden wiring moldings on 
opposite sides of an office-building hall. 
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Fia. 647.—Baseboard molding connected around a door 
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Fig. 648.—Run of private underground entrance conduit from a pole to the 
basement of a residence. Drainage is toward the basement (preferable 
direction). 
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Fira. 649.—Run of private underground entrance conduit from a pole to the 
basement of a residence. Drainage is toward the pole due to high location of 
building. A “French” drain is simply a mat of stones, which are about 2-in. 
in diameter intended to provide space between the stones for drainage. 
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conduit should be arranged to drain either toward (Fig. 648) 
or away from (Fig. 649) the building served. 


**-Conduit (Drains Toward 
Man tole) 


Fia. 650.—Private underground entrance conduit from manhole to residence. 
Drainage is toward manhole (preferable direction). 


Note.—UNDERGROUND ENTRANCE ConpuIT For TELEPHONE SERVICE 
May Exrenp From A Por Or From A Manuote (Fig. 650), depending 
on the method of distribution and the location of the telephone company’s 
wires in the neighborhood (whether overhead or underground). Note 
from Fig. 650 that where a building is served from a manhole, the pre- 
ferable direction of drainage is toward the manhole, whereas for buildings 
served from poles, the preferable method of drainage is toward the 
building (Fig. 648). Always consult your local telephone company 
before making any definite plans. It is not ordinarily feasible to serve 
a single telephone or a few telephones from a manhole, unless it so happens 
that the telephone company already has a distribution box installed in 
the manhole or desires to install a distribution box in it. 


QUESTIONS ON DIVISION 11 


1. State briefly the five places where conduits are used for telephone circuits. 

2; What is the general rule governing the use of conduits for telephone wiring? 
Explain fully. 

3. Draw a diagram to illustrate the general method of distribution which is employed 
for telephone service. 

4. Define: Trunk line. Cable. Cable terminal. 

5. What is the maximum and minimum number of pairs of wires in telephone cables? 

6. What is the usual location of the cable terminal in residential telephone wiring? 

7. For what purposes may conduit be used for telephone circuits in residences? 

8. Explain and draw a sketch to show the general method of installing the telephone 
wiring in an apartment building which has few floors and where each apartment has 
considerable floor area. 


396 , CONDUIT WIRING [Drv. 11 


9. Describe the method of wiring hotels and similar apartment buildings for telephone 

service. 

10. How many twisted pairs may be run in a 34-in. conduit? Ina 14-in. conduit? 

11. In what manner does the telephone wiring in office buildings differ from that in 
hotels? 

12. What is the purpo e of a cross-connecting terminal? 

13. What is the purpose of using conduit for the entrance of telephone wires? Who 
ordinarily pays for installing this conduit? 

14. What are the requirements of conduit for underground entrance of telephone 
service? 

15. What is the preferable direction of drainage for an underground conduit con- 
necting a building to a pole? To a manhole? 

16. Draw a sketch and describe the method of draining an underground entrance 
conduit which slopes downward from a building toward a pole. 


DIVISION 12 


CONDUIT WIRING IN DAMP AND OTHERWISE 
HAZARDOUS PLACES 


329. Conduit Wiring In Places Subjected To Moisture Or 
Corrosive Vapors (packing houses, glue houses, cold storage 
rooms, etc.) should be installed with exceptional care to meet 
the severe conditions encountered. If ordinary conduit is 
installed in such places in accordance with the usual methods, 
it may corrode so rapidly that in a relatively short time only a 
shell is left hanging on the wires. Special precautions must 
be taken to reduce the corrosive action of the vapors. The 
precautions to be taken and the methods of installing conduit 
wiring which should be generally employed in the various 
hazardous places are discussed in the succeeding sections. 
They have proved satisfactory in some installations but may 
not, necessarily, prove so in every individual case. No 
method has, apparently, been found, as yet, which is entirely 
satisfactory for the most severe conditions. 


Notre.—Tse Merxuop Or Wirine To Be EmpLoyep in any place, 
should be one that will overcome, as effectively as possible, and with 
the least expense, the peculiar conditions there encountered. Thus, 
prior to the installation of conduit in any hazardous place, the detri- 
mental conditions there existing and their effects on the various wiring 
materials should be determined. After the conditions are known, an 
effort should be made to devise a satisfactory method of wiring by follow- 
ing the principles and suggestions given in this division. 

Nore.—Tue MarertaAL In Tuis Division Is Baspp LAarGELY ON 
ArricLes by Frank F. Sengstock and F. G. Waldenfels which have 
appeared in various electrical periodicals. See the books “Electrical 
Hazards and Their Prevention In Various Occupancies,”’ published by 
Fire Protection, Indianapolis, and “Electrical Wiring Manual,” published 
by Modern Publishing Company, New York, 1920, both by Sengstock. 
See also material by Waldenfels in ‘‘ Handbook of Electrical Methods,” 
McGraw-Hill Book Co., New York, 1913. 

397 
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330. Conduit Wiring, Properly Installed, Has Been Found 
Preferable To Open Wiring In Places Where Moisture And 
Corrosive Vapors Are Present.—Up to the present time, 
ordinary conduit has been charged with two deficiencies, 
corrosion and condensation. These deficiencies still exist and 
steel conduit installed in the usual manner will, under severe 
conditions, readily corrode away. But conduit will, if it is 
properly installed and is protected insofar as is feasible from 
the corrosive vapors, last as long as, if not longer than any 
special form of open wiring. The conduit method of wiring, 
when properly installed, has several advantages over the open 
wiring method: (1) It protects the conductors from mechanical 
injury. (2) It requires less space and less head room than the 
special open-wiring methods. (3) It costs considerably less 
and requires less maintenance than the special forms of open 
wiring which are generally employed. In glue houses, where 
conditions are ordinarily severe, conduit has, usually, cor- 
roded rapidly but even in these places it has often given good 
service. 


Nore.—TuHEe Amount Or PRECAUTION TAKEN IN INSTALLING THE 
Conpuir SHoutp Vary Wirth THE Severity Or THE ConpiITrIoNns 
which exist at the place of installation. In places where only moisture 
was encountered, ordinary conduit has given fairly good results; but 
some moist locations are more severe on conduit than others. In other 
places steam, ammonia, sulphur, and acideous vapors have readily 
corroded the conduit. It is usually better to take too much precaution 
than not to take enough. The more precaution taken in installing the 
conduit, the less will be the trouble afterwards experienced in maintain- 
ing the installation. 


331. Hot-Dipped Galvanized Conduit Resists The Corro- 
sive Action of moist and acideous vapors (Sec. 19) better 
than any other steel conduit. It serves very well in most 
places. However, hot-dipped galvanized pipe has persisted 
in places where the conduit has failed. If the burrs are 
properly removed from the interior surface of the pipe, it 
is to be commended for severe packing-house installations. 
Sherardized and electrogalvanized conduits are satisfactory 
under less severe conditions. Enameled conduit is the least 
desirable of all the conduits; it should not, unless carefully 
handled, be used when the atmosphere contains corrosive 
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vapors such as exist in the tank rooms, glue houses, and fer- 
tilizer rooms of packing plants. 


Nore.—None Or Tue Conpurts ArE TREATED UnirorMLy during 
their process of manufacture. One length of conduit of the same grade 
will corrode more rapidly than another length. This non-uniformity 
causes a small part of an installation to corrode more rapidly than the 
main portion. This small part can usually be repaired at a small cost. 

Norre.—Tue Ricip ALuminum Conpurr (Sec. 22), now made, would 
seem to be a very satisfactory conduit for installations subjected to 
moisture or corrosive vapors. The aluminum, which is itself somewhat 
non-corrosive, is protected by the formation on its surface of a thin film 
of aluminum oxide, a very inert substance. This conduit is relatively 
new and has not, up to this time, been very widely used. 


332. Painting Ordinary Conduit Enables It To Effectively 
Withstand Corrosion Much More.— Ordinary conduit when 
painted, after installation, with a good waterproof paint, 
has been found to “stand up”’ satisfactorily under severe 
conditions where without painting it would last only a few 
months. Best results have been obtained with a silicate 
graphite paint, but insulating paint or asphaltum has also 
given good results, especially where the conduit was exposed 
in packing houses to the steam from carcasses in process. 
Aluminum paint has likewise been found very satisfactory. 
After the initial installation and painting of the conduit 
system, it should be repainted at intervals of about every 6 or 
8 months. 


Nore.—AnotHer Metuop Or Leneruentnc THe Lirm Or A Con- 
puir INSTALLATION which is subjected to severe conditions is to: 
(1) Paint the condui wtith an insulating paint, (2) serve it with an enclosing 
winding of a good linen tape, and (3) then add another coat of insulating 
paint. This method is expensive, but in extremely corrosive places it 
may be desirable. Such a protective coating will increase the life of the 
conduit by from one to five times. 

Norr.—Terstr To DererMINE THE Lire Or Conpuir AND THE EFrects 
Or ProrectivE Coatines On Ir were made by F. F. Sengstock (Fire 
Protection, 1918). Sengstock subjected samples of 21 different makes of 
- conduit to the moisture and corrosive vapors of a glue-house cook room in 
a packing plant. All samples were subjected to exactly the same con- 
ditions. At the end of the 13-month test period all samples showed 
deterioration. ‘The approximate corrosion varied from 2 to 60 per cent. 
Also the test showed that, in certain instances, on conduit of certain 
makes, painting promoted instead of retarded corrosion. On conduit of 
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other makes painting retarded corrosion. Furthermore the test proved 
that a conduit protected by, (1) a coat of paint, (2) a serving of tape, and 
(3) another coat of paint would have a life from 1 to 5 times greater than 
that of an unprotected conduit. No perfect length of conduit, which 
was thus protected with a painted-taped serving showed corrosion under 
the tape. Galvanized wrought-iron pipe lasted longer than any other 
of the conduits. 

333. Great Care Should Be Exercised When Installing 
Conduit In Damp And Corrosive Places.—The conduit should 
be carefully handled so that it will not be marred or scratched 
more than is unavoidable. Wrenches and other tools which 
scratch the protective coating should be carefully used. 
When the conduit will be subjected to severe conditions, it 
should be repainted at the points along the run where the pro- 
tective coating was accidentally removed. The exposed threads 

Fe at all joints and conduit fit- 

Strap tings also should be carefully 
s painted. Only cast-iron conduit 
fittings should be employed. It 
ened is well to provide a gasket be- 
; tween the cover and the body. 
Before the conduit is screwed 
into conduit fittings and coup- 
lings, the threads on the conduit 
should be coated with white lead. 
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it will have a much longer life. 

Norr.—Arr Spaces Suoutp BE Provipep on all sides of the conduit 
so that the moisture which may collect will evaporate readily. Supports 
should be so installed that any moisture which may collect on the con- 
duit will drain off easily and not be “pocketed’’ at the support. Flat 
pipe straps are preferable to the ribbed straps, which may fill with water 
and cause corrosion. Spacing cleats (Fig. 651) should preferably be 
inserted under each pipe strap to hold the conduit away from the 
supporting surface. 
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Nore.—Marine-Tyre Firrincs Are Justiriep For Important 
Conpuir Insrauiations In Damp Piaces. Such fittings are regularly 
manufactured by a number of concerns (Russell & Stoll Co., New York 
City, for example) for use on shipboard. These fittings are either of 
cast iron or brass. All are provided with gasketed covers and water- 
tight connections. All switch fittings are specially constructed to pre- 
vent the entrance of moisture. These marine fittings are considerably 
more expensive than the ordinary equivalent fittings but under severe 
conditions, an investment in them will be found a paying one. 


334. The Condensation Of Moisture In Conduit Systems 
has given considerable trouble. The condensation occurs 
principally in runs which are subjected to vapors and which 
also pass through high-temperature and low-temperature 
zones. In such runs warm, moist air enters the conduit at a 
warm part of the run. This warm moist air passes to a 
cooler location in the conduit run. There some of its moisture 
is condensed into water. Such condensation within the con- 
duit tends to corrode it from the inside. In addition, the 
condensation, as it accumulates, is likely to break down the 
insulation on the conductors in the conduit, and usually 
causes short-circuits. Fires and burn-outs may result. 

335. The Effects Of Condensation In A Conduit Run Can 
Be Eliminated in one of two ways: (1) By properly draining 
each end of the conduit (Figs. 652, 653, and 654). (2) By 
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Fra. 652.—Provision for draining conduit through outlet body. Washers 
are placed on the screws between the body cover and the body to provide 
space for drainage. Leather washers have been used successfully. Brass 
washers are not satisfactory as they promote electrolytic action. 


plugging up or interrupting the air passages (Figs. 655 and 656) 
in the conduit at locations where the temperature changes 
abruptly. The draining of the conduit is easily accomplished. 
It may be drained through each outlet fitting (Fig. 652), or 
through conduit fittings located between the outlet fittings 
(Fig. 653). The former method is well adapted for installa- 
tions wherein the lamp receptacles are held on vertical con- 
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Fig. 653.—Provision for draining conduit with a conduit fitting between 
every two outlet bodies. A porcelain cover provided with one hole is used 
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OS minimizes condensation. 
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duit nipples. Where long insulated-wire drops are provided, 
the latter method is desirable because, with it, there is no 
danger, as there is with the former, of the condensation falling 
on the drop conductors. The practice of draining the conduit 
by drilling a hole in the lower end of each length is not recom- 


mended. Such a_ hole will _Seal Up Witt Compound 
soon be closed by corrosion. -SSSSSSAS SASS 
Thereby, its usefulness will be ap 

ended and at the same time =2245/ (4& 

the conduit will be damaged. Au 4 


FIFTING) |. 


Vertical runs can be drained as 
in Fig. 654. Plugging the con- 
duit with insulating compound 
at an outlet body located where 
the different temperatures are 
encountered (Figs. 655 and 
656)-is also effective. The Fra. 656.—Sealing conduit with 
sealing must, however, be Sa hers aes when: the 
carefully done because the aig 

presence of even the smallest air passage will permit condensa- 
tion. While both methods are effective the draining method 
is usually preferred. 


Notrr.—In Coup-Srorace WAREHOUSES AND OTHER SIMILAR PLACES 
Merevy Seating THe Conpuir At THe Room Entrance Is Nor 
Very Errective. In any situation where the temperature varies con- 
siderably, as in the cold-storage warehouses, condensation will always 
occur in the conduit (due to the temperature change in the room) even 
though the conduit entrance to the room is sealed. In such places, when 
the closed (sealing) method is to be used each section of conduit must be 
carefully sealed. Such sealing always requires considerable care and 
even then it is likely to be imperfect because crushed fittings or loose 
threads may permit moist air to enter. If the air enters condensation 
may occur. The open (drained) method is preferred in all such places, 
but the conduit entering the room should also be sealed. 

Nore.—WueEN Wirine Motors In Conpurr In Damp Puacss, it is 
undesirable to route the conduit downward from the control box (S, 
Fig. 657) and then horizontally across the floor to the motor. Water 
will collect in the horizontal run unless it is drained and it is very difficult 
to drain properly. A much better method is that of Fig. 658. In this, 
the conduit, B, from the control box is first carried vertically upward to 
the ceiling. Then the run is continued across the ceiling to a point 
directly over the motor terminals. This ceiling run is pitched so that it 
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Fie. 658.—Conduit installation for a motor as it should be made in damp 
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will drain. From the end of the ceiling run, a conduit, D, is carried 
vertically downward past the motor terminals. At a location directly 
opposite the motor terminals a terminal fitting, H, is inserted in the 
vertical run. A weep hole, H, should be drilled at the extreme lower end 
of the vertical run. This arrangement provides adequate drainage. 

Nore.—In Puaces Wuere Vapors, Wuicnh ARE Very INJuRIOUS 
To Tuer Insunation Or Tae Conpuctors, ARE Present the closed or 
sealed method may be preferable. This method will protect the insula- 
tion from the vapors while the open method will not. 


336. A List Of ‘Hazardous’? Places Where Conduit Has 
Been Installed, with comments as to the life and condition 
of the conduit follows (F. G. Waldenfels, in ‘Handbook of 
Electrical Methods’’): 


Coup-Storace WarEHOUSE.—Enameled conduit was installed 7 
years ago as an experiment. Some of the conduit was run continuously 
from the cabinet in the passageway, where the temperature was about 
68° F., to the cold-storage rooms where the temperature 10 deg. below 
zero. Some of the conduit was plugged at the partition in the passage- 
way. All the conduit is now in good condition; in fact it all looks like 
new, and there is no condensation or corrosion in either case. This is 
probably due to the extremely low temperature. 

CooLeR Or Hanceine Rooms.—This is a room where the cattle hang 
and steam (cool) aiter being killed. Sherardized conduit is plugged at 
the partitions as shown in Fig. 656. After 3 years no condensation or 
corrosion is visible. 

Tank Rooms.—In these places the offal of the plant is boiled into 
fertilizer by a process in which sulphur and ammonia are used. The 
resulting vapor attacks metals. The building is constructed of rein- 
forced conerete. Exposed sherardized and galvanized conduit was used 
for wiring and was installed 2144 years ago. Ninety per cent. (approxi- 
mately) of both types turned white and are giving good service; the other 
10 per cent. of both types of conduit was practically eaten away. This 
installation was not drained or plugged. A long life is assured for the 
90 per cent. of the conduit on which the white coating formed. The 
remaining 10 per cent. was replaced with little cost. 

Guve Hovusre.—Thus far no kind of conduit, except some hot-galvan- 
ized water pipe, used as an experiment, has withstood the attacks of 
fumes in this place. Every available kind of conduit was tried, but all 
corroded rapidly. A section of hot-galvanized water pipe has been in 
service 3 years, and since it has turned white it will probably last many 
more years. This experiment demonstrated that hot galvanized pipe is 
what must be installed to withstand successfully the severest conditions 
encountered in packing-house work. 

Borax Miru.—About 3 years ago a room, in which borax liquid is 
allowed to steam and crystallize, was wired in enameled conduit. The 
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installation is still in excellent condition and no corrosion whatever is 
visible. 

CANNING DEPARTMENT.—A canning department was wired with 
enameled conduit and cast-iron boxes 7 years ago. Recent inspection 
revealed that the conduit was only slightly attacked over the boiling 
tanks. The rest was in excellent condition. 

Picking Deprartment.—In this place salt water is continually 
condensed on the ceilings and walls. Enameled conduit and galvanized 
conduit have been installed for 15 months. They were drained as 
shown in Fig. 653. Both are in excellent condition. No grounds have 
occurred. In another instance lead-sheathed, flexible-steel armored 
conductors have been in use for over 30 months and were still in very 
good condition. 

FrertinizerR Rooms.—Several are wired in conduit but not in damp 
or wet places. Any first-grade conduit should give good satisfaction. 
Wet fertilizer attacks all conduits very readily. 

Harr Hovuse.—Conduit, with cast-iron boxes, has given good results 
except in dyeing rooms or in damp places. With hot-galvanized conduit, 
properly drained, it should be feasible to wire every part of a hair house 
in conduit. 

Oreo ANp Om Hovusres.—Conduit gives excellent results wherever 
there is plenty of grease. Over the scrap kettles steam had caused 
some trouble, but if the proper conduit is employed and drained no 
trouble should ensue. 


337. The Conductors In Cold Storage Rooms And Other 
Damp Places should be of a better grade than those employed 
in ordinary installation. Braided covering, regardless of 
the excellence of the rubber insulating compound which is 
used on the conductors, deteriorates rapidly in the presence 
of moisture or corrosive vapors. In properly drained conduit 
installations, double-braided single conductors coated with 
shellac by a dipping process have been found quite satis- 
factory. ‘Twin conductors or conductors with a single braid, 
however, are not to be recommended for such service. 


Nore.—WaHerRE Excessive CoNnDENSATION Is Present IN Tue 
Conpuit, Leap-Coverep Rusprr Insutatrep Wrre Has Bern Founp 
DestRABLE. The lead-covered wire although it costs twice as much as 
the braided wire, will, in such places, be the more economical because 
of its much longer hfe. Lead-covered wires should also be used in 
rooms where corrosive vapors are present—such as fertilizer rooms, 
where ammonia vapor, which is detrimental to braided wire, is present. 

Nory.—Joints In Tue Conpucrors should be carefully made. 
Standard splices which are approved by the underwriters (see the 
author’s ‘American Electricians’ Handbook’’) are desirable. Each 
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joint, after being soldered, should be covered with an insulating com- 
pound as a protection against moisture. Rubber tape should then be 
applied to the whole joint, followed by several tight layers of friction 
tape. For a good job, the whole joint should be waterproofed with an 
insulating paint or with shellac. 

338. Wire Drops In Damp Or Corrosive Places (Fig. 659) 
give considerable trouble. The wires of the drops become 
saturated with moisture. The insulation is deteriorated 
thereby and short circuits often result. 
Under such conditions, ordinary commer- 
cial wire will not give satisfactory service. 
Satisfactory results have been obtained by 
using a pair of stranded No. 14 rubber- 
covered, single-braided wires. The life of 
these wires may be lengthened by coating 
them with shellac or with an insulating 
paint. For severe conditions, best results 
are obtained with packing-house cord. Such 
a cord, which consists of twisted rubber- 
insulated conductors enclosed by a heavy 
rubber covering, and protected by a suit- 
able jute reinforcement and a braid with- 
stands moisture very well. 
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Nore.—Souip Conpuctors are not recom- 
mended for drop cords. The drop cords are 
frequently bent back and forth. Such bending 
will readily break a solid conductor and may cause a short-circuit, or 
heating at the contact between the broken parts of the wires. 


339. Wire Drops Should Preferably Be Out Of Reach of 
the workman. Where a workman can reach a drop cord, he 
frequently extinguishes the light by turning the lamp in the 
socket. This twists the joints on the drop wires until the 
wires become bare and contact with one another. Short- 
circuits are thus caused and flames may feed along the con- 
ductors and set fire to combustible material. 


Fie. 659.— Wire drop 
from a conduit run. 


Nore.—Lames ArracueD Directty To Conpuir Firrine Socxnrs 
(Fig. 660) are to be preferred to wire drops. These lamps are safely 
out of reach and eliminate the hazard which is always present when 
wire drops are used. Vaporproof bodies and reflectors (Fig. 661) are 
also very satisfactory. 
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Norr.—Extension Corps Arp Auways A Hazarp in these hazard- 
ous places. They should be avoided wherever possible. When extension 
cords are necessary, only good packing house cord should be employed. 
A wood or insulating handle should be attached to the lamp. The lamp 
should be protected by a galvanized-iron guard. 
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Fie. 660.—Lamp attached directly Fig. 661.—A vapor-proof body and 
to conduit fitting socket. reflector. (Crowse-Hinds Co.) 

340. The Desirable Socket For A ‘‘Hazardous”’ Installation 

depends on the conditions encountered. In damp or wet 

places, brass shell sockets are not desirable. The paper insula- 

tion inside the shell becomes water-soaked and short-circuits 

result. In such places, only keyless weatherproof sockets 


“Rubber Insulated Leads . 


I-Smalll Porcelain -Porcelain Bod 
Body Body Booly 


Fic. 662.—Some types of weatherproof sockets. 


should be installed. The porcelain weatherproof sockets, 
however, are fragile and cannot stand rough usage. Many 
of them will be found broken after 6 months of service. They 
are best suited for high ceilings, where the sockets are not 
subjected to mechanical injury. The old-style porcelain 
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sockets which are sealed with a sulphur should not be employed. 
This compound expands, when subjected to moisture and 
temperature change, and thus cracks the socket. Hard- 
rubber molded or mica sockets (Fig. 662), are best and cheap- 
est for use in wet places where the ceilings are reasonably 
high. They will not crack like porcelain sockets and can with- 
stand extra hard usage. They are constructed even better 
than the vaporproof socket (Sec. 345) in that they have a 
solid body of composition supporting the shell. 


Notr.—Kny Socxnrs Arr Hazarpous in damp or dusty places. 
Moisture enters the socket through the space around the key stem and 
short-circuits may occur. 

Notr.—Tare May Br Servep Arounp Tue Tor Or An INcAN- 
DESCENT Lamp WuereE It Enters A Socrat, to prevent the entrance of 
moisture, vapors or dust. In moist locations, the completed tape serv- 
ing should be pamted with an insulating or asphaltum paint. In dry 
locations painting is unnecessary. Each time a lamp is changed the old 
tape serving must be removed and a new one applied. 

Norr.—Brass THompson-Hovuston (T-H)—Basz Kerry Sockets, 
WHEN PROTECTED, have given better results in wet and steamy places 
than some weatherproof sockets. The T-H sockets were first painted 
with white lead, then taped with friction tape, and then painted again 
with white lead or asphaltum. The No. 14 stranded wires entering the 
3¢-in. cap of the socket were first taped and then treated with com- 
pound to keep out the moisture. This construction formed a non- 
corrosive, unbreakable socket and still the lamp circuit could be opened 
and closed with the key of the socket. 


341. Switches And Fuses should preferably be placed 
outside of moist or damp rooms. A rotary snap switch, 
located on the outside near the door with a pilot light over the 
door to indicate whether or not the lamps inside are burning, 
is a very desirable arrangement. When lamp-circuit switches 
must be located in the damp room, either a rotary or a push- 
button snap switch is a safe one to use. Small knife switches 
which are not externally operated are too dangerous in damp 
places, especially where foreign laborers are employed. The 
insulating paper lining under the metal shell of snap switches 
often gives trouble. This paper absorbs moisture, swells, and 
causes short-circuits between the inside screw terminals and 
the enclosing metal shell. Such troubles may be largely 
prevented by treating the metal cover with a coat of asphaltum 
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or lacquer. When push-button switches are used, a good 
rubber gasket should, preferably, be placed between the 
outer plate and the conduit fitting to assist in preventing 
moisture from entering the fitting. 


Nore.—Snap Swircues Wuich Have PorceLaIn SHELLS have not 
proven satisfactory in packing houses because they break so readily when 
subjected to rough usage. There is manufactured a snap switch for 
damp places which has a composition hard-rubber cap }¢ in. thick that 
will withstand hard usage. Covers of this type that fit different 
switches can be obtained separately. 


342. When Knife Switches Are Employed, they are placed 
in large cabinets. Several switches and cutouts, all mounted 
on the same backing, may be placed in one cabinet. The 
cabinets keep most of the moisture from the switches and 
reduce the corrosion. Some moisture is, however, always 
present in the cabinet. To protect the switches from this 
moisture, all the exposed metal parts should be kept well 
greased. Instead of greasing the parts, they may, all except 
the contacts, be well painted. A like protective coating 
should be applied to the terminals on the cutouts. A lamp 
may also be kept burning inside the cabinet to keep it dry. 
The lamp will, if the door is provided with a glass insert, 
serve as a guide for locating the cabinet in the dark. 


Nors.—An Orpinary Knire Switch Has Severau Derects that 
cause overheating. A large switch that is frequently opened and closed 
will loosen at the hinges; the nuts will work loose, and release the spring 
washers. Very often the lugs or wires are not screwed down tight at 
the terminals. Frequently the threads are stripped on the terminal 
screws by pulling the nuts down too hard and the defect not remedied 
because it would require taking down the whole switch base. All these 
defects lead to overheating. Another trouble may occur with a eart- 
ridge-fused knife switch, in which the jaws of the switch are at the same 
height as the ferrule or knife-blade contact of the fuses. When the 
switch is opened and thrown against the fuses the switch handle and 
blades act as a lever, wedge against the fuses, and enlarge the clips. 
This causes the contacts to heat when in circuit because of the loose 
connection. 


343. Cabinets For Service In Damp Places (Figs. 663 and 
664) may be of sheet steel, asbestos wood or wood lined with 
asbestos wood. The wooden cabinets lined with asbestos 
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wood are, probably, preferable to the others. It is desirable 
to make them as waterproof as possible. The wood most 
used is 7-in. pine. The cabinets are generally about 6 in. 
deep. In wet places, the top is made slanting so that the 
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Fig. 663.—Asbestos wood, steel-reinforced cabinet for protecting snap switches 
and fuses in damp places. (Ff. G. Waldenfels.) 
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Fie. 664.—Knife-switch-and-cutout cabinet for damp places. 


water will drain off readily. The inside of wooden cabinets 
should be lined with 1¢-in. asbestos board painted with 
asphaltum. The outside of the cabinet should also be painted 
with an asphaltum paint. The best hinge to use is a hot- 
galvanized iron or brass hinge. When snap switches are 
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employed, the door may be divided into two parts (Figs. 
663 and 665) with a barrier, projecting at right angles into 
the inside of the cabinet, attached to the lower end of the 
upper door. This barrier will protect the employees from 
coming in contact with the fuses when operating the snap 
switches. The doors should always be made self closing. 
Sometimes this may be effected by fastening a weight to the — 
bottom of each door. A pane of glass should, when a lamp 
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Fra. 665.—Wooden switch and cut out cabinet for damp places. (Ff. G. 
Waldenfels.) 


is kept burning inside the cabinet, be set in the door. The 
light will then serve to keep the interior of the box dry and 
as a pilot to guide the way to the cabinet in the dark. 


Norre.—In Fastentnc Tue Assestos Boarp Linincs To WoopEN 
Casiner INTERIORS, it is best to use 34-in. copper tacks. Galvanized 
or plain steel tacks will do if they are well painted with asphaltum after 
insertion. Common sheet asbestos is not suitable for cabinet lining 
because it will, even if painted with asphaltum (and all of these cabinet 
linings should be so painted) absorb considerable moisture. All of these 
cabinet linings should be of asbestos board. 

Norr.—Goop Hort-Gatvanizep STEEL Capinets of No. 12 U. S. 
metal gage have proved satisfactory in one of the worst places—a glue 
house. And enameled-steel cabinet, however, is not satisfactory in such 
places. 


344. Conduit Wiring In Hot Dry Locations, Such As Ovens, 
Dry Kilns, Furnace Rooms, and the like has been successful 
when properly installed. Asbestos insulated wire should be 
used where the temperature will be very high. For lower 
temperatures, slow-burning insulated wire may be employed. 
Neither of these insulations are effective if they are permitted 
to become damp; they must always be maintained dry. 
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Great care must be exercised in pulling in asbestos insulated 
wire because it will not. withstand abuse as will rubber 
insulated wire. In certain furnace installations, bare wires 
have been run in lava tubes. Also in furnace installations, bare 
wires have been run in ducts formed in the brickwork for their 
reception; additional insulation was found unnecessary. 
Porcelain keyless sockets appear to be the most satisfactory. 
Sheet steel must be used for cabinets in hot, dry places; 
asbestos-lined wooden boxes dry out and become defective. 
345. In Places Where Inflammable Vapors Or Dust Are 
Present great care must be taken that no sparks will be thrown 
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I'rq. 666.—Vapor-tight globe and guard. (Crowse-Hinds Co.) 


out into the inflammable atmosphere. The conduit method 
of wiring is most desirable in such places because it protects 
the conductors and confines any fire which may be caused 
by a short-circuit to the interior of the system itself. To 
prevent fires from starting at the sockets, each lamp and socket 
should be provided with a vaporproof fitting and vapor-tight 
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elobe (Fig. 666). The globe should be protected by a gal- 
vanized steel guard. Key-sockets must not be used as they 
often draw an are which might ignite the inflammable material 
present in the atmosphere. All cabinets should be as vapor- 
and dust-tight as possible to prevent an are which might be 
formed, from igniting the vapors present. Steel cabinets 
are preferable to those made of wood. 

Note.—Tue Pxuaces In Wuicn INFLAMMABLE Vapors Or Dust 
May Br Expscrep are: Cleaning and dyeing plants, grain elevators, 
flour mills, saw mills, planing mills, paint shops, gas plants, oil refin- 


eries, ete. 
Norr.—An Acip-Proor Construction For Conpuir AND Lamps 


(Fig. 667) which is described by W. B. Todd in Electrical World for 
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Fria. 667.—An acid-proof construction for lamps. 


Aug. 14, 1920 may often be desirable. The conduit is protected by 
running it in a groove cut in the 6- by 8-in. wooden beam. After 
the conduit is laid, this groove is filled with an insulating compound. 
The whole of the exposed surface of the beam is then given a coating 
of the compound. The lamps are inclosed in a heavily enameled steel 
reflector, which is closed at the bottom by a double-thick clear glass. 
This glass is held in the reflector by means of lead split cotter pins. 
The cracks between the glass and the rim of the reflector are closed by 
a fillet of asbestos putty. A weatherproof shade holder and a porcelain 
keyless socket are employed. For fastening the reflector on to the 
nipple leading from the conduit, cast-iron locknuts and washers, in 
conjunction with lead washers, are used, 
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QUESTIONS ON DIVISION 12 


1. What method of wiring should be used in damp or corrosive places? 

2. What advantages has the conduit method over the open-wiring method in damp 
places? 

3. What kind of ordinary conduit is best suited for moist places? 

4. How should ordinary conduit be protected from moisture or corrosion in damp 
places? Give another method which is more expensive. 

5. State what precautions should be taken when installing the conduit in damp 
places. Give an example of how trouble may be avoided by planning the conduit runs. 

6. Describe the two methods of eliminating the effects of condensation in a conduit. 
State which you prefer and give your reasons. 

7. State how conduit has withstood corrosion in the following places: Tank rooms, 
glue houses, borax mill, pickling department, fertilizer rooms, and hair house. 

8. What kind of conductors should be used in conduit in cold-storage rooms or other 
damp places and why? How should joints be made? 

9. Describe the troubles in damp places caused by wire drops. How may some of 
these troubles be avoided? Are lamps close to the ceiling desirable? Explain. 

10. Explain the advantages and disadvantages of different sockets for use in damp 
places. 

11. When snap switches are used in damp places, how should they be installed? How 
should push-button switches be installed? Where should the switches preferably be 
located? 

12. When knife switches are employed, what precautions should be taken? 

13. Describe the construction of the desirable type of cabinet to be used in damp 
places. 


14. Describe the precautions to be taken in wiring places subjected to inflammable 
dust and vapors. 


DIVISION 13 
CONDUIT WIRING ON MACHINERY 


346. Electrical Wiring On Machinery Should Be So Install- 
ed As To Satisfy Four Fundamental Requirements, (Fig. 668): 
(1) Safety; that is, the wiring should be such that the likelihood 
of accident due to electrical shock is minimized. (2) Con- 
venience; the control devices should be located where the 
operator may easily reach them and they should be such that 
the effort to operate them is as small as is feasible. (3) 
Permanence; the wiring should be so arranged that it is not 
likely to be damaged during the progress of work on or about 
the machine. (4) Flexibility; the wiring should be so placed 
that it may readily be removed whenever repairs to the machine 
may require it. 

Norr.—Conpvuir Wirina Is Very Wet Suirep For MacHINneRY 
(Fig. 668). Inasmuch as conduit wiring affords a safe means for enclos- 
ing all electrical-conducting parts with a grounded metallic covering, 
this method of wiring fully satisfies the safety requirement as listed above. 
A complete conduit wiring installation is as safe as an installation can 
be made. Furthermore, damage to the conductors themselves is prac- 
tically impossible in a conduit-wiring system. Hence, a conduit-wiring 
installation possesses the maximum possible permanency. Conduit 


wiring has the further advantage that it provides a more pleasing appear- 
ance than does any other method. 


347. Either Flexible Or Rigid Metallic Conduit May Be 
Used On Machinery.—Since flexible conduit is, in general, 
easier to install than is rigid conduit, much wiring on machin- 
ery is done in flexible conduit. For long or straight runs of 
conduit, however, rigid conduit is often used in preference to 
flexible. Very frequently a portion of a machine itself may 
be utilized as a conduit (Fig. 669). 


Norr.—F existe Conpurr Must Bs Usrep For Connectina Parts 
Or A Macuine Wuicn Move Retativery To Onze ANnorHer.—Thus, 
since the motor, M (Fig. 668), must move up and down, the wiring 

416 
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for the motor must, if carried in conduit, be in flexible conduit. Like- 


wise, the electrical connection between the wiring of a steam locomotive 
and its tender (Fig. 697) must be carried in flexible conduit. 
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Fig. 668.—A modern 4-in. spiral bevel gear generator showing ideal electrical 
wiring. 


348. Motors Which Are To Be Wired By The Conduit 
Method Should Be Equipped With Terminal Boxes enclosing 
their terminals (Fig. 670) or with bushings (Fig. 671). Practi- 


cally all manufacturers are prepared to furnish motors with 
such boxes or bushings. Such devices enclose the motor 
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Fig. 669.—An electric truck on which wires to the horn, H, were run 
through the horizontal members, fF, of the frame and through connecting 
conduits, C. 
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Fig. 670.— Wagner motor showing terminal box enclosing the motor termi- 
nals. The base of the box is made square so that, by removing the screws, 
S, it may be turned. This permits the conduit-connection hole to be pointed 
up, down, or toward either end of the motor. 


Naste-Packed 
— . Bearings-. 


, 


+ 
Biol 
Rae 
£= 
ks 
a8 


Fig. 671.— Westinghouse alternating-current loom motor. 
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Fig. 672.—Special motor and switch-and-cutout box mounted on loom and 
fitted with conduit wiring. (Westinghouse Elec. & Mfg. Co.) 


Fia. 673.—Conduit-wiring on a 36-in. motor-driven fan. 
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terminals, protecting them from oil and dirt, and preclude 
all possibility of damage to the conductors at the terminals. 
Furthermore, they automatically provide a ground connection 
for the motor frame. When connected, such motors present 
a very neat appearance (Figs. 672, 673, and 674). 
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IFia. 674.-—Installation of a remote-controlled motor with a pull box (or 
terminal box) attached (Fig. 670). 


349. Switches Which Are Used On Machinery Should Be 
“Totally Enclosed’? And Very Simple To Operate.—They 
should always have all live parts (conductors) surrounded by a 
substantial (preferably metallic) case. If switches or other 
control equipment are comparatively difficult to operate, the 
machine operator will be inclined to leave the energy turned 
on rather than to turn it off at such times as the machine is 
idle. This will cause a waste of energy. Haxposed live parts, 
besides being an actual source of danger to the operator, tend 
also to increase his fear of the equipment and thus to cause 
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him to shun the use of the control apparatus. Hence, exposed 
live parts also tend toward the wastage of electrical energy. 
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Fie. 675.—Special snap switch Fre. 676.—Enclosed oil-switch 
and fuse box for textile service starter, arranged for conduit 
arranged for conduit wiring. wiring. (Westinghouse Electric 


(Westinghouse Electric & Mfg. Co.) & Mfg. Co.) 
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Fria. 677.—A Square-D motor-starting switch. 


Nore.—Tue Most Destraste Forms Or Switcnes AnD ConTROL 
Apparatus For Macuinery WIRING are: (1) The plain snap switch 
(Figs. 675, 672, and 668), which may be of either the rotating or push- 
button type. Snap switches are generally used only on such small 
motors as can be thrown directly on the line; hence their use is quite 
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Fig. 678.— Conduit wiring on an automatic hob-grinding machine. (Note the 
undesirability of the exposed wires at the motor terminals.) 
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Ite. 679.—Typieal enclosed direct-current-motor starting and speed-regulat- 
ing control. (Cutler-Hammer Mfg. Co.) 
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Fie. 680.—A headstock-motor wood-turning lathe with wiring all concealed. 
Control device is enclosed in the bed of the lathe. 
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I'iqg. 681.——Drill press controlled by a magnetic remote-control switch through 
4 momentary-contaet switch. 
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limited. (2) Ezternally-operated enclosed switches (Figs. 678, 676, 677, 
and 678). These are used chiefly for starting small alternating-current 
motors (constant speed). (3) Enclosed rheostats and other speed-control 
devices (Figs. 679 and 680). Such control equipment must be employed 
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Fig. 683.—Improvised enclosing case for single-throw switch and cutout. 
This is constructed of alberine board and sheet metal. 


on all variable-speed motors and for starting all medium or large-size 
direct-current motors which are not provided with automatic starting 
devices. (4) Enclosed automatic motor-starters (Figs. 668, 674, 681, and 
682). Such starters are generally employed on machines which have 
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medium or large-sized motors, particularly when it is desired to control 
from a distant location. 
The control apparatus for a large motor is shown assembled in Fig. 483. 


350. Improvised Enclosing Cases For Switches And Cutouts 
(Figs. 683, 684, and 685) can readily be arranged in emergencies 
or when the regularly manufactured “safety-enclosed”’ 
switches are not obtainable. It is not ordinarily feasible to 
make the improvised switch cases so that they are “totally 
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Fic. 684.—Improvised sheet iron switch and cutout case designed for attach- 
ment against a metallic or wooden surface with screws. 


enclosed.’ Usually, in these home-made cases, a slot must 
be provided through which the switch handle must extend 
to the outside. Such a slot allows the entrance of dirt, oil 
and dust—which is often very objectionable. These foreign 
substances will not readily enter the regular manufactured 
safety-enclosed switch cases, which always have a metallic 
operating lever, extending out through the case side, whereby 
the switch may be opened or closed without opening the case. 
However, improvised cases, such as those illustrated, are 
very much better than no enclosure at all. 
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Nors.—In Maxine Improvisep Switch AnD Curout ENCLOSING 
Caszs, only non-combustible materials should be used (except for damp 
places, in which, as explained in Div. 12 it may sometimes be advisable 
to use wooden enclosing cases). In general, for all-around service, 
cases of sheet steel are usually preferable. Fig. 684 indicates how such 
cases may be constructed. Often, however, it is easier to construct cases 
partially or wholly of thin (14- or 3é-in.) alberine or asbestos board. 
Regardless of the material, the finished cases should be painted, two 
coats, both inside and outside with asphaltum or insulating paint. In 
the Author’s ‘‘American Electricians’ Handbook” on page 494 a simple 
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Fie. 685.—Improvised enclosing case for a double-throw fused switch. 


method is shown for making a steel switch or cutout box, the door of 
which must be opened to operate the switch. Sheet iron for cabinets 
should be not less than No. 12 B. & S. gage (approximately 349 in.) 
in thickness. Joints may be soldered, brazed or, preferably, riveted. 
It may be necessary to provide a handle longer than that which came 
on the switch. If so, a piece of broom handle of proper length, which 
has been worked to proper contour and coated with insulating paint, 
may be employed. 


351. The Support Of Conduit Wiring On Machinery may, 
in general, be most readily and most neatly effected by fasten- 
ing all conduit boxes, fittings, or cabinets to the framework 
of the machine (see below) and then fastening the conduit 
itself at as many intermediate points as may be necessary to 
secure the requisite mechanical strength. Often, the boxes, 
fittings or cabinets, if securely attached, will support the 
interconnecting conduit runs adequately, without additional 
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supports on the runs themselves. Since most fastenings to 
machine parts are made against metal parts, either machine 
screws or stove bolts are generally needed (Fig. 686). If 
the piece to which the box or fitting is to be fastened is such 
that nuts may readily be placed (Fig. 686-Z) then stove 


; ope _ Machine 
Conduit, Conduit. Fitti ee Conduit Fitting.” Screws 


L-0n Thin Piece—Back Accessible EOnThick Piece Or Where Baick Is 
Inaccessible 


Fig. 686.—Methods of fastening conduit boxes or fittings to machine parts. 
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¥iq. 687.—A disc grinder on which all wiring is concealed and which is con- 
trolled by a remote-controlled switch. 


bolts may satisfactorily be used. If, however, it is impractical 
to place the nuts, then the holes must be tapped (Fig. 686-7) 
and machine screws used. Pipe straps (Sec. 65) for holding 
the conduit at intermediate points may likewise be fastened 
either with stove bolts or machine screws, 
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Nore.—Wuere PossisteE, THe Wiring On Machinery SHOULD 
Bre Entrrery Concreatep (Figs. 680 and 687). A machine with con- 
cealed wiring is more neat in appearance than one on which the wiring 
is exposed and is therefore more readily sold. On some machines (Fig. 
682) where it is impossible to conceal all of the wiring, a neat appearance 
may still be provided by concealing as much of the wiring as possible. 


352. Electric Light Wiring Must Sometimes Be Installed 
In Conduit On Machinery (Fig. 688). Although it is often 
deemed satisfactory to provide the necessary lighting for 
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Fie. 688.—Conduit wiring on interior of the foundation of a hydraulic- 
turbine driven generator. 


making repairs to machinery by means of extension cords, this 
method has the disadvantages that, when using such a light, 
the workman has one hand occupied by holding the lamp and 
often the light can only be so placed that the workman is 
blinded by it. In nearly all cases, it will be found better to 
so wire all large machines that fairly uniform light will be 
afforded by permanently placed lamps. Then only the auxil- 
iary lighting need be of the portable nature, 
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Fia. 690.—Elevation of front end of locomotive showing conduit wiring. 
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Fia. 691.—Arrangement of conduit within locomotive cab. 
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Fig. 693.—Turbo-generator and conduit wiring on rear end of the boiler 
of a locomotive. 
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Fria. 694.—Conduit wiring on front end of locomotive. 
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Fria. 695.—Right side of smoke box showing arrangement of rigid and flexible 
conduit. 
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Receptacle--___ 


Fic. 697.—Flexible conduit and detachable connectors between engine and 
tender. 
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Fie. 698.—Conduit wiring on rear of tender. 
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Fria. 699.—Conduit wiring on front end of the boiler, left side. 


Sec. 352] CONDUIT WIRING ON MACHINERY 439 


ExsmpLte.—Tur Extecrric Ligut Wirina In Conpuir On Sream 
Locomortves (Railway Electrical Engineer, Dec., 1922) affords perhaps 
the best example of machinery which is effectively wired for light service 
(Figs. 689, 690, 691, 692, 693, 694, 695, 696, 697, 698, and 699). Although 
the scheme of wiring here illustrated is that which is employed by the 
Michigan Central Railroad, very similar arrangements are employed 
by practically all American railroads. 

Note that a small turbo-generator is employed to supply the energy 
for the locomotive and tender illumination. The wiring is all so arranged 
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Fie. 700.—Three designs for supports for hand-rail conduit on locomotives, 
as recommended by the Committee on Electric Headlights of the Association 
of Railway Electrical Engineers. 


that it may readily be removed (in sections), when repairs to the loco- 
motive may require it, by simply disconnecting plugs from receptacles. 
Flexible conduit is employed for short runs wherever the conduit system 
may need to be disconnected and wherever two connected parts may 
otherwise move relatively to one another. Note also that the conduit 
run along the boiler is arranged to form the handrail. Recommended 
designs for the support of this handrail are shown in Fig. 700. 


QUESTIONS ON DIVISION 13 


1. What are the four fundamental requirements which should be satisfied by the 


electrical wiring on machinery? Explain each. 
2. Explain fully why the conduit method is so well suited for machinery wiring. 
3. In general, what are the advantages and disadvantages of both rigid and flexible 


conduit for machinery wiring? 
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4. In what places must flexible conduit be employed for the wiring on machinery? 
Why? 
5. What is the preferable manner of making the connections between conduits and 
motors? Draw a sketch. 
6. What should be the basis of selection of switches for use on machinery? Explain 
fully. 
7. Enumerate the four general classes of switches and control apparatus which are 
used on or with machinery. For what kind of motors is each best suited? 
8. Describe briefly how conduit wiring on machinery should be supported. 
9. Draw asketch to show how conduit boxes and fittings may be fastened to metallic 
surfaces. 
10. Is it advisable to conceal the electric wiring on machinery? Explain fully. 
11, Explain the advantages of wiring machines for electric lighting service. Should 
portable lighting also be provided for? 
12. Draw sketches to show the method which is employed for wiring steam loco- 
motives for electric lighting service. Enumerate the outstanding features. 


13. Draw sketches to illustrate the three recommended designs of support for handrail 
conduit. 
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fish» ware: @nGets silereiemieni: 2 etuelaaens 301 
HS LUC! so cetane saustapeta cations) = apieceratek aa wnles Las 149 
large Conduits cacmc orn peer 151 
machine, quantity production. 157 
OFFSET, Methods ee ee 175 
roll bender’... sreestsose cae ote oe 161 
RACK, application. «6.6. woah > 22a 131 
blockiand tackle. <<... s2s.6. 146 
blocks mounted on post........ 139 
GeHNITIONGas oe 2 cts eee pee aes a = 130 
heavy timberanan-4+ o.-.se as = 137 
IMPROVISED, illustration........ 129 
EASES rec otteieLo eid Bie US aN 138 
inverted pipe-tee hickey....... 150 
Janzeccondutts). mista weer 136 
EWP SPOON © be oe co ailetine, sce ue ena ars 142 
uniform bends made with...... 177 
RIG, beam and jackscrew ........ 150 
twin-log A a cae A ARID Hiren rch S.« 148 
SULGIGs. cose ey ee cet wees eer ah aS ah otis 132 
Clim TA CSi fie wotate ey tet hesn «se ned ore 156 
EOE S otter excerpt o Mil ete caeeeias, ae 95 
Bxrnps, double uniform............ 179 
BET CGHIVG anh ae esac ie eee 295 
forming number of duplicate... .. 176 
more than four right-angle, not 
DCEMIMHCC eee 1c. wereld 85 
number between conduit cases 
Limartiod) 5 cte.ctate pe ovens Slee Grnnsiata 296 
of different radii from different 
GQUadrants se ae .ccis seuaraerre 162 
BENT CONDUIT, running thread joint. 185 
straightening ieee weit eye Orv conned ete 182 
HSE SOXHONIGHOM tee sein pie stat essreierene eee ets 274 
Blade; hacksaw sa scoee see vate 113 
Buiock AND TACKLE, bending rack... 146 
pulling-in heavy run.......-.---« 330 
Buock, chain, bending rack........ 147 
differential, straightening with.... 185 
guide, see Guide block. 
insulating elangping.\. 2.0. se 341 
SNAEEH . vedas late ld oe bw ces He ele ae 334 
IBTOCKS and —fallly a wile selec os etere ene 145 
Body, conduit, definition........... 16 
Bout, carriage, supporting heavy 
MOM ASH cris eeaats cus stehores nterseateve = 279 
holding with solder-wire anchor.... 278 
hook, see Hook bolt 
SEOVE, anchored... o-scnecenesse 279 
fastening conduit box cover. ... 233 
MxGUTEWStUGs — <recteles ce ere amines 201 
toggle, see Toggle bolt. 
Borax mill, installation. ...-....-.. 405 
BorvDEN Co., conduit cutter........ 114 
ratchet stock and die............ 119 
Boring GOOlsraniscs az cttaeeae mre 303 
Box aligning races oe cicte dine oe om ere 232 
alignment affected by plumbing... 226 
carrying exposed ends ton Geen 249 
concrete, see Concrete box. 
conpuiT, accessible, concealed 
WOR i ug steer ak tiauan meets 192 
cover; illustration. .......-.... 15 
GeMLGOGS; omit cciee, Cas ht: Saale 14 
Cet ce eS oes oes enor 187 
Qnlanging NOles= ete oeierieis tases 189 
fastenedito former. waa. on eee 197 
FASTENING TO flexible conduit... 196 
MiAChUNGEV S ace apelece, cule cromerels: ore 427 
TIP 1G: COM UI enemies ats 195 
guide tube, fishing from........ 299 
VSMUBCD cinererety shade lneormenn ters serene nes 202 
held to form with coupling, nip- 
ple, and lockwut<. sens: wees 198 


PaGE 
Box conpuit, biddendeyana.n s+ ee 198 
illustration Pe Ar ibhrs Gir alulnn a: 14 
in PoOsitionion tiles. eae eee 223 
installation, thickness of plaster. 192 
leveling. oo) Dueck! oe eine eae 222 
porcelain socket im..........-. 354 
serew tappings..... 2. sass sees 20 
shiapesicih.25:scscctder aaron Sao 19 
standardized sizes..........:... 20 
supporting in steel concrete- 
column forma. = 5 sete eee = 202 
GY WES cic avsis: ste nchega ene eee 19 
universal numbers. Zita rer ate 
RIBG sae nine oe Ce en ae ee 17 
connection conduit to, electrically 
Conbinuous Sek se ie es oe 196 
CONNECTOR, conduit cabinet...... 15 
flexible conduit, where used.... 43 
BQMECEZENEY Ds alate wiscers everene eee ie 42 
controller, see Controller box. 
copper burr aligning. . 234 
COVHN, aligning 7.6. tomer meee 232 
BUILGKIGS 2orc apse eee ne eee 55 
SCrew, TappiNgsia.- ee wee eee 20 
straightedge aligning.......... 233 
energy outlet, definition.......... 18 
flexible thubing.:o. see hon ee 12 
floor, see Floor box. 
flush device, washer spacer........ 234 
junction, see Junction box. 
LOOM. ai. See wsaae, Sin Ss ee 12 
outlet, see Outlet box. 
panel, see Panel box. 
prevent from filling with concrete. 198 
pull, see Pull box. 
separator, see Separator box. 
shallow-type, prohibited. ........ 23 
snap-switch, see Snap-switch box. 
steel, see Steel box. 
support, pressed-steel............ 222 
switch, see Switch box. 
switch-and- cutout, and motor, con- 
Curtt wiring secs oe ne ee 419 
terminal, see Terminal box. 
BRACKET OUTLET, outlet box....... 22 
relocate in partition.......... 210 
Bradshaw, P. J., on Chase Hotel. 62 
Braid, oe colored, polarity 
SWALIA Bs, gars ch cheese teeare ei oe ee 285 
BRANCH once definitions. sce .ss WE 
DNASE 5 srencitice ye cae eer 79 
wire, different sizes...........-.. 284 
Branch, maximum number outlets 
Ole sie is sa ere ye eee 82 
BRASS conduit, use.-.-..5)eccnenee care 
extension screw, tile construction. . 225 
plug, as ground connection...._.. 372 
Brick drill, soft masonry....... eee pis 
surface, fastening multiple run 
to; allusbra tion. 1.2 en 262 
Broderick Electrical Co., switchboard 
composed of switches in steel 
DOXES joo Ra arsterc eee TT 
Brooklyn Edison Co., rattan strip. . 294 
BuILvine, concrete, see Concrete 
building. 
existing, exposed wiring.......... 247 
frame, see Frame building. 
office, see Office building. 
outside of, exposed wiring 2 ee ge) 258 
wiring for telephone service. ..._, 385 
WOOCEN COM Cutter r ere ee eee 85 
Bull-ring bender ORO Rae a 2 144 
BURR, om COC Thee nee nn enn 115 
tinner’s, oe box Eero neater: Aisi 234 
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PAGE 
Busuine, closed, capping conduit 
ULI pot vations ts etiane is anid rar oes 41 
closing conduit end.............. 187 
CONGuUIbiGaAbINGh..... 4a exe ve saree a 15 
Detroit closed, illustration. ...... 41 
down. fixture stem... 0.2.0.6 000 20. 201 
flexible conduit, where used...... 43 
motor equipped with............ 417 
OIUWGLSB DOK sew mien iclee.cue Simve Dante Meu 195 
PECUGIN Ge mee Me wis: ois ck Samo tee © 43 
type' cable support...........e0. 342 
PASE tia aPavel sic neatertis Mervees Pecabets ac 40 
NPDOD Glee eee mek Mee inline ree tes 127 
Byllesby, H. M., and Co., sheraduct 
OMG Witian seok chisisisnr tu meee 241 
C 
CaBInET, see also Panel box. 
SMS CN es A cure cise cera ice Sess eisrace ops 226 
asbestos wood steel-reinforced.... 411 
GORI ruccietciNe cele oe oe cine See 15) 
EOUSLMICHOMG he eyes creme ore eee erayahe 32 
controller, see Controller cabinet. 
distribution, see Distribution cabi- 
net. 
enlarging knockout hole in....... 190 
CNGLAMCE I) Srtponsra seers id Bier od aS 37 
flush, concealed conduit.......... 225 
furnace installation.......-.....- 413 
Shie ROUSE fe cleus caveats en ee 412 
knife-switch, see Knife-switch 
cabinet. 
knife-switch-and-cutout.......... 411 
lining, asbestos board............ 412 
location, conduit roughed in at.... 242 
materials {Or soci slecies see eee 410 
poreelain cutout in)... . 6. ck. ccc: ies 
protective, see Protective cabinet. 
Dull; GeBnition...s 2s. Psalelew eels 18 
steel, see Steel cabinet. 
supporting on concrete column.... 273 
Auriaee-type, Use ss, «0.5.5 s/s oi ete = 36 
EV DOSE 65 anole mete Ck es be oisteuMes 5 34 
uniformly-bent conduit entering... 177 
wooden switch-and-cutout-....... 412 
CaBLE, distributing to terminal box.. 390 
grip, attaching conductor to pull- 
fe Nae 14 90 8 = ee 321 
lead=-sheathed.24 2... 26. .0c. oF 385 
SUPE Meme ction Pelee eae oie Opa oekl sR aas 390 
BipDOv ese Gases assis. aie eee ae 342 
SUSPENSION, conduit support..... 270 
WOM SATA Pe car 2m sisexps: cin -n.suctey eens 272 
CEPIMIB Hee cucvete roto e eeeatls. ast cs 385 
Cable Support Co., O. Z., on bushing- 
type cable support.......... 342 
Canning department, installation.... 406 
Cap, KNOCKOUG tame «6 elec nue is iene lateloias? 49 
CasE, CONDUIT, bends between..... 296 
COOP Ri unctarele sessreess yo Bure) aie aa te 13 
CLEPTIAE TON 4 code. see nce wa esate aoa airs wos ae 12 
ace two of each conduit ree 
Gunna: concrete, drilling......... DUE 
Ewexit, parts, illustration........ 52 
receptacle Hc cue eiremein trernte Licey aa 57 
hampers COMMU wate elev mieten ten 264 
OUTLET BOX, fishing to........... 299 
ivi? 00 8 Lge Pie ec Cre ORR EPC ae or BS 213 
in hollow-tile arch............. 206 
im plasterboard. .... 5... .- 2 238 
PS bal MACH 6s.c-arodes ete arece |= shoe= foie 208 
ouTLET, elbow, bending, templet.. 174 
steel lumber floor slab......... 19 


reinforced concrete, pull box sup- 
TRONS a boo Mb Can G crea elo a 


PacE 
CEILING, suspended, outlet box on. 208 
Center-to-center distance.......... 107 
Central Nut Lock Co., on condulock- 
BUCS e rer bie lnk ccew Pace peaes tr emerats tt 
CHAIN BLOCK, conduit bending...... 147 
roll bender force applied Shrouph: 157 
short-radius bender. . F we £50) 
Cuatn, fishing vertical runs 5 hares 295 
WEGNIGH Nero muio fais hocenerssio mest. tino 125 
Chandler, W. E., on improvised lever- 
and-roller bender............ 154 
Chase, cormitor yes) es eieeioces 204 
Chase Hotel, wiring diagram....... 62 
Chemical action, clearing conduit 
PAL Plea race eerie s aus Chances Gatos 291 
Chicago, department of gas and 
electricity, Tousley, V. H., on 
installing light outlet on tile 
building front.............. 224 
“Cxuicagco Erecrrican Copn,”’ on 
Conduitisupport. sn... = c. «ss 272 
current-carrying capacity, ground 
GAM ac dentaweae wan See ead 371 
ground conductor. oy. eae ve 365 


ce conde system and neutral 


eles Sia extolhcta eh shee sl uot uci 366 
Bolaiy identified conductor...... 347 
Cuicaco Fusn Mre. Co., extension 
Peillah 236, cee ih Ae Oe Cer ee 29 
ae Outlet box. =). Scitece) aoe 21 
sectional snap-switch box... 31 
CHISEL, COLD, conduit installation. 95 
Kknockoutdholes wiyojeniave ae «tear 187 
@inder hile ey ens chico ae enn eae 193 
Circuit, branch, see Branch Circuit. 
combined mastered and unmas- 
tered, polarity wiring........ 350 
ground Conductors. «ose nen a 365 
switch, see Switch circwit. 
telephone, see Telephone circutt. 
fest-set traGingey.e alike ote e eas 352 


Circuits, feeding two open-wire, from 


COMG Utils centoe extee secre sulcus PD Oe 
CLamp, conductor in vertical run sup- 

ported with.. Jasre een 340 

Ge fini tl omir. am oy cers oieleie a canted 45 


ground, see Ground clamp. 
supporting conduit on face of col- 
umn, dlustration: .........:. 
Cleaning inside of conduit.......... 
CLEAT, outlet box in frame building. 217 
porcelain, supporting vertical con- 


AWE Ore cin ins alae 341 
spacing, keeping conduit from sur- 
SCO r cay sia iat te nious ths tarefaarencheae 400 
Closet Lphts vate tas cece reasnateke eet 80 
COLD-STORAGE WAREHOUSE, conden- 
SALOU rae tomes siihtete etna eh 
installation 
Conumn, conduit in. .>...-........ 88 
fireproof OR Ne wee Oe Aw 212 
Combination coupling, illustration. 39 
Compass, to locate hidden box...... 198 
Compressed air, clearing conduit.... 290 


Comstock, L. me and Co., supporting 
cabinet on concrete column 


WIGH! POOKMDOLGs stairs arslocete aco DAG} 
CoNCEALED CONDUIT, concrete build- 
ing with wooden floor........ 192 
connecting le eae _mpuldine 
around dog with. he 0S 
flush cabinet. . mnie ep 
TREATS ce cors. Fes ips lee whee ae ayaa 192 
ConcEALED machinery wiring ...... 428 
wiring, masonry construction... .. 192 
Concrete and tile floor slab, install- 
ing shallow plate in.......... 208 
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Pagp 
ConcRETH BOX, definition.......... 26 
illustration... sc stsc1.< 6 warmer a 29 
BUILDING, vertical run............ 204 
with wooden floor, concealed 
GONAUG a. vem cele ae sie) ene ote 192 
CEILING, drilling. . SE ee ree tea 
pull box support. BE. SE, cy oeaahet eran 274 
surface exposed wari Ol owen e 258 
COLUMN, outlet box in. 42 Sees 
supporting cabinet on. 273 
construction, weakening “effect. of 
CONG Ui iow ss carrier eee alde 194 
GUD Ang Omri. le as cue sien edeieante 91 
fibre conduit in..,..............- 241 
FLOOR, running conduit in, rules.. 194 
slab, pipe elbow. ..2..0..5:.--- 202 
FORM, ‘conduit box fastened to. 197 
conduit supported in. rae Ok 
prevent box from filling with...... 197 
running thread in. 185 
slab, wooden floor | on, ‘Tater ‘place- 
Ment CONAUIbN. & snteure iste. eeere 193 
Starred ores nerves Sere cet 276 
surface, fastening multiple run to.. 262 
TrenGhiGOVelets sos ate sii cieiole 91 
‘CoupaNeAgION, cold-storage ware- 
GUAG ahe eracnster aceliateraterotets che! oresi 403 
lead-covered rubber-insulated wire 406 
ConDUCTOR, ALTERNATING-CURRENT, 
AUVCONG Wi taaeeiseeisiceests tees 75 
see Alternating-current conductor. 
through metal plate, methods..... 74 
Conpvucror attaching to fish wire.. 317 
attachment to pulling-in line..... 323 
direct-current, see Dzérect-cwrrent 
conductor. 
end, extending from outlet........ 339 
ground, see Ground conductor. 
identified: ss aace capitis sees eae 354 
installing in comduit..%, 202426 -s- 281 
insulation for damp place......... 406 
HOM bec ccs cree Oho eee or 406 
large feeder, ordered to exact 
length MOMs ai nt eee 
lubrications tsaccanes oe ee ooteee oe 
MAR ICIS An ctelshotsie wate sas cen eiayere 347 
testing out.. Boe ner OO 
marking before pulling i ees Raia 325 
pulling-in. . Seaton neeey te 
BOLASTING A decane cect ery omar 358 
solid, not for drop cord........... 407 
split, alternating-current......... 75 
tap-off, see Tap-off conductor. 
testing for continuity............ 377 
through, see Through conductor. 
WIN OAUOING. worse ccapureseremt ete ame 361 
VERTICAL run, supports........... 340 
see Vertical conductor. 
Conpuctors, electrical connection 
between. . Sis Rein Pane 
in guide block. . 337 
lug joining. nw. 306 
Conpvir, acidproof construction... 414 
aerial, suspension. Kino 271 
air space on all sides of.. 400 
alternating-current conductors in. 75 
and outlet box supported in wall- 
LOTIM Meals conte were sre.ae apeale oe 200 
as ground conductor............. 365 
ATTACHED TO form board with 
crossed nails and tie wire..... 199 
panel with tie wire. eee OS 
attaching to beam. . é 199 
automobile transporting. . 87 
bender, see Bender, conduit. 
bending, see Bending, conduit. 
BENT, How pluggedaen soe niente 144 


Conpvuit BENT, right-angle turn in.. a 


body, defition.c. 4c) saacaree ee 

bound to corner clip with tie wire, 
ALUStrAtiOWs. <t-c< «teers genete eens 

box, see Box, conduit. 

YASH ie. scohan wl sees netettere eee ate Pee atid 

cabinet, see Cabinet, conduit. 

case, see Case, conduit. 


GHSIN  WLEDCH As .c)0 =icie nie alniensts eee eine 125 
clamp support on column........ 271 
cleaning inside of. .<:c sls< 64 5 t= a6 326 
clearing of obstructions........... 291 
concealed, see Concealed conduit. 
concrete construction, weakening 
OM OObe << b.ciersie 2 01,5 el talereeatete, she 194 
condensation 20.% feces os ce ae aches 406 
CONNECTION, see Connection, con- 
wit. 

to wooden moulding........... 393 
Control TOOM: Ie...) eae ee 248 
CORROSIVS action... 5... 025+ 46 398 

DINC6 Lh oda cs cave wes ote cre ne cee ee 400 
cover, see Cover, condutt. 
cutter, see Cutter, conduit. 
cutting, see Cutting, conduit. 
GaImp: PISCE eso. s5 wee ao ees 400 
distance screwed into fittings..... 102 
AEATNINGEs, 4.3 crciaie ete eteneers aoe eee ee 402 
drawing pulling-in line into...... 310 
Grying interiors. 2asee aces 292 
electrical continuity.............. 375 
BND; Gise.sn we. Soe ee eset ee 42 

threading. . = Seotste sa ahOe 

wooden plug ‘closing. bala apBien ne 42 
EXPOSED, see Exposed conduit. 

wiring, along fireproof wall - 253 
feeding -wire int0.2 6 sac cds see eee 328 
fitting, see Fitting, conduit. 
GROUND, back of water meter..... 370 

clamp connected on............ 371 
“oun’’ shooting obstructions from. 290 
FLAN GER) tora renucolminiacalwietecetetalcvenensial teen 46 

flange of.I-beam......<iaeecss< 262 
heated, short-radius bends. . 150 


HELD from form board, nail riser... 199 
to hollow-tile with toggle bolt.. 261 
timber with pipe strap...... 261 
holding from form board 
EN COLUMNS. 2.0 .caealaccte cere eoe ate 
plaster-board partition. 


switch-house floor............. 
inspecting for burrs and other 
obstructions. sce. shee one 128 
sesipe’ sean see Installation, con- : 
uit 
installed around beam........... 169 
INSTALLING conductor in......... 281 
_ in wooden-joist floor........... 215 
job, see Job, conduit. 
joining moulding to.............. 252 
large, fishing s..socet cee ee eee 302 
later placement, wooden floor on 
concrete slab... nce ees eee 198 
layout, see Layout, conduit. 
LENGTH BETWEEN ae score nennaresee 103 
parallel runs. ts ieee OS 
LENGTH measuring. . ove oer cee TOE 
required for Offset a dee are 176 
U-bend.. 109 
life, and effect of ‘protective ‘coat- 
INS sieiaislem eauetetale opera eee iene 399 
long spans of, support............ 270 
manipulation, see Manipulation, 
conduit. 
marking for cutting. ..-.....css 00 112 
notch cutting ce ee nee 137 


obstructions cleared from......... 289 
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Conpuir, over steel beams......... 201 Corp pressure fishing. cses «seas 307 
PAINE eres sie cits acisse reine oe 399 MUllingaim Vine GW etcawin oils ete cues 314 
Pipp hook holding in slot........ 216) Gord=feeding fittingycw..:.04 a0 cece 306 
strap holding to machinery..... 427 Corey, R. B., and Co., on ‘‘New Era”’ 
placement before pouring......... 194 (LOAN Sree. MOET ROLE eRe eR 22 
plate, see Plate, conduit. Cork ball, pneumatic fishing........ 306 
DUSHINGrrocintiuc ois aarotoe we eeeas 283 Corrosive AcTION, hot-dipped gal- 
PAO IC Mr Kce ance ess ce 87 vanized conduit............. 398 
removing water from............ 327 rigid aluminum conduit.......... 399 
miner=hOle LOM pyyees eee cee ete ain 205 Corrosive place, wire drop......... 407 
roughed in at cabinet location... .. 242 vapors, conduit wiring subjected 
OMLGEN er erchs etc w bine 4 cic etbie ale ae 82 Be deera avsres a a oe le vepahensiancia) eve 397 
run, see Run, conduit. Cottonseed oil, threading.......... 120 
running in concrete floor........ 194 CovuPLine, combination............ 39 
sealing with insulating compound 402 conduit box held to form with.... 198 
sections, weights. ....¢..066-.506 267 HTIGERON tava eterste leven Se ee eee Wan 38 
Bervice entrances....cc. «ace «seen 37 GxIStIN STU sma anc siesolad sos 38 
SIDE-WALL, FEEDING moulding run 252 LOCKNUT improvised from:....... 45 
OpPeOn-Wire CiFCUIb... 5... 2. ecw ks 253 made from, illustration........ 186 
SMALLER THAN knockout hole..... 190 pressure WMishinws.. oe aissvers sles aes 307 
onc-Daliginch ser ncmcrte teaser: 12 reducing bushing made from...... 43 
spacing cleat keeping from surface 400 VICI COMAULUS pees orere cis cloleieners 38 
span, supported by messenger wire 272 running thread cheaper than..... 185 
BUOLAZO Wen niee es <5 « diate SAS cies 86 Split, Wlustration, <i snse ccs o% 38 
SURAT Sa GEMIN gsm... pers sus iave ster here oten 182 Cover, absorptive, conduit case.... 13 
SUPPORT, cable suspension........ 270 box, see Box cover. 
FESINOS |DUUGINS. | aeietece cheatin ve 215 (OLGengsy Gp Uae {o>.ceeP Ae AaseThS Clarih Micieh can 15 
suspended from expansion fastening with stove bolt.. 233 
BNCHOL i ase os lesc es isis scelsier ors 265 ING wiry ites havsia sued alteevera Serer. as 22 
CLUBSIN EVs slo tele ce emake 270 outlet Boe. SLIgMin es jaca se sien ale 230 
supported by reinforcing rods..... 201 plate, attaching to outlet box..... 229 
SUPPORTING from ceiling, wooden- sheet-steel trench. .........+-50. 91 
mill building, illustration.... . 269 Covers, ete outlet boxes, align- 
on slate or marble surface...... 263 AMON) evar e sro telerevorsesl hareiere eave 233 
BS WitGhDOALG oc... cetere.c sie treason © 242 Cowes Execrric Co., ground 
switch-house to turbine room..... 244 GUGINO oie Sots fate lop araarerey Meese Oicusiegs 369 
TELEPHONE circuit 384 . PNG ROUNGIE Secor s ne sceteus pice oteats 366 
WATIN IN. 6 ee ahs 392 Crane, pulling-in conductor with.... 331 
MOMIPIOU Ae ee crt tate elejs, Slot eH 240 Crort, T., on artificial ground con- 
tools, see Tools, conduit. NGChiOne eo Ashes Sas ee Shuts 373 
transformer installation.......... 260 brass ball on fishing ribbon end. 298 
turning from bottom face of one Conductor Joints. 3 o6 cece ese ene 406 
beam to side face of another.. 254 conduit smaller than one-half inch 12 
uniformly-bent, entering cabinet.. 177 coupling dimensions............. 38 
ieee SUPPORTED WITH iron expansion anchor plugging bol Px iA 
Roel elec nee See fish tape or ribbon size. 294 
fap ane hook bolts ‘ FISHING in old buildings. . 294 
Wired: CO Partition: yc 621s os ose ee MA CHUMET soy erecta walsh eae 311 
wooden) building... o..6 0 se. sates MTOUNGING safes miele ele aha sad ses ae 363 
Conduits parallel, multiple-conduit lead: weight rye crorietamaie,ore.tery Men 303 
TUTE Sopa Weer eee SOE Ste one 170 long distance boring tool......... 303 
Condulocknut. . 44 making steel switch or cutout box.. 426 
Conduo-base.. 33 “National Electrical Code” re- 
CONNECTION, CONDUIT TO box, elec- iui ements aera eesti eete tele 82 
trically continuous.......... 196 Mipple size warns mieet ian Mercy kee ct 43 
oetavonelsbox.a.n co esses fee 41 PIES GHYeAd ‘S1ZO-jo rence ste usc 12 
Connection, electrical, see Hlectrical plogging holesirccn eeaneue ns ian © PATE 
connection. secant of offset angle............ 176 
Connector, box, see Box connector. soldering flux........20.-..+5.-. 359 
ies of al GhGfopite LULA ene sonore oa CEO 196 splicing methods racer 356 
solderless, see Solderless connector. testing out switch currents....... 345 
Sr ise maar ststata ne ualokwis si ohete lors (01 . 355 theater specifications.......... ree G i 
Continuity tests for....0..... 2... 374 toggles bolitsic hesierewreca stetetn ne hese 46 
Control apparatus, machinery wiring 421 wheatstone bridge............... 379 
ConTROLLER box, definition........ 19 WIRING connections............. 346 
cabinet, definition.:)).0.6...0e0e 19 symbols......... feet ese einns 61 
Convertible system, three-conductor 77 Cross-connecting terminal, use...... 388 
Cooler room, installation........... 405  Crosshead, fixture hanger......... . 201 
Cope, T. J., on non-slip fish wire Crovusr-Hinps Co., on conduit 
Millers te cease visi cane sate 329 around beam....... modo mans 254 
Corbin Serew Co., brass extension exposed conduit in a pavilion..... 254 
SULOM ES re en See evees 225 exposed riser... .....2-e+++-5-+- 251 
Corp, drop, solid conductor not footlight wiring.......... aeRO 255 
recommended for............ 407 joining moulding to conduit...... 252 
extension, hazardous............. 408 service entrance fittings....... ed) 
loops, fish wire end.............. 302 side-wall conduit feeding moulding 252 
packing house). ..2-..-+.s605-+---+- 407 underground service entrance..... 51 


446 


INDEX 


PAGE 


Crousn-Hinps, Co., VAPORPROOF 
body and reflector.......... 
globe lighting unit supported 


from (conduit Tumis se. egos = 
vaportight globe and guard....... 
weatherproof socket supported 
from exposed run..........- 
CurRRENT, alternating, see Alternating 
current. 
eddy, how minimize.....-.....1.. 
“Current News,’ on conduit for 


Shaennelal ovoehOl me eon mec y sores 
CURRENT-CARRYING 
GROWND) Clawpins <i. eieieveseene aur 
CONGAUCHOR 5:4 So laink afd ses is.ceaeietners es 
Cutler-Hammer Mfg. Co., enclosed 
direct-current motor......... 
Curour box, making...) s6...40--+ 
poncelalia 0 He 5 Be eee ee 
Cutout-and-knife-switch cabinet . 
Cutout-and-switch enclosing case. 
Curt, conduite: 2.2 -5.24-------- 
pipe, as stock and die. cae 
CurrINnG CONDUIT, marking tome 
Not chyxkanics- nana ee ae Ie 
to remove obstruction........... 
Currine flexible conduit........... 


Dahlstrom Metallic Door Co., 
Gonduo=base «2% «4. caceciean. 

DAMP PLACE, asbestos wood steel-re- 
inforeedleabinet)...0n-2s.2-.- 

Asp Wala toys oie oP SMe te ts 
conductor insulation.............. 


wirin, 
fuse aid switch placed outside of.. 
key so chet occ ceoiniers nto eee 
knife EN RUG) Nooo Gos seec odo ceone 


IA CGMET Use wane eee eres 
lamp=circultiswitcheeons 4..5 5. oes 
marine-type fitting.............. 
materials for cabinet in.......... 
MNOCOR S06. 5.00561 Sapo Se, eee 
packing house cCordassees | suite 
push-button switches + 5. oo. 
Totary Shap Ss wlicly aes sen ee. 
run carefully planned............ 
WEREIMEOLS. ccalace siete Meeneene sectenenatets ae 
dro 
Dead front switchboard, definition. . 
Detroit Closed Bushing Co., 
Detroit closed bushing....... 
Drm adjusta ple. cca wicctosiet sree 
and stock, see Stock and die. 
Differential block straightening with 
DirRbCT-CURRENT conductor, treated 
as alternating-current con- 
ANCE OIE esis ccc eis, CS 
motor, enclosed, wiring. Rae ee 
Disc, closing conduit end........... 
conduit end.. F 
grinder, conduit. wiring, 
DISTRIBUTION CABINET, conduit from, 
feeding open-wire circuit... .. 
GefinitionM memes >.<au see mee 
Vit i ONUU) oVOYc-. Gees SOU ees or aa 
DISTRIBUTION centers, number re- 
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Donaldson Apartment, switchboard 


composed of switches in steel 


DORs. Hews dere os ees 


Door buck, fastening outlet box at : 


Double-conduit hanger strap........ 
Double-end: fishing. .2).-.2 sae ee 
Draining conduits ....-2.6 526 soo - 
DRAWING IN, kinds of line or wire... 
pulling and pushines +). .-.- sense > 
tapping on short wire.....--.-5-- 
WER: WBBM a, anacintke Ses Site tae eee 
Rin Ait) USS. wen ee a eee 
brick... 
ELECTRIC, cutting steel. 

(USEi sdx.srGhs ee mees east eat eee 
improvised from tool steel stock 
press, conduit wiring............. 
SGAQ i wieerec cls since cies oo eee 

Drilling conduit Dox. fe.--. 26s nee 
Drop cord, solid conductor not recom- 
mended. for. .).s...0e ott seer 

Dry hot location, conduit wiring.... 
dealin wird 02.2 ers cus tensa epee 
Drying conduit imberioren. 2 sne ee 
Dummy installation, templet....... 
Duplex squeeze type, box connector. 
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Earth connection, resistance........ 
EpDY-CURRENT, how minimize...... 
non-ferrous, fittings... 2.2.7. <> : 
Efficiency Electric Co., on hanger... 
Esow, see also Bend. 
ceiling outlet, templet. . 
condulet, end-to-center “distance, 
finding, illustration... otha 
malleable-iron pipe.............. 
pipe, see Pipe elbow. 
right-anglevtumn. 222). - == 
SIZE cain hale e.a eee ee ee 
Elbow-clamp connector, flexible con- 
Qube. gsc asc case eens eee 


paces DRILL, cutting steel. 


Renewere light on machinery ... : 
OUTLET, definition... ..4- eee 
USéabiois. 2:6 
truck, conduit wiring..)...... 
ELECTRICAL CONNECTION between 
Cond wctorsee. concen ee 
Gone uit JOin-tys bc oxcsh.s cee 
Electrical continuity, testing. . 
“Hlectrical Age,”’ on dummy installa- 
tion method 
“Electrical Hazards and Their Pre- 
vention in Various Occupan- 
cies,’ Sengstock, F. F., on con- 
duit wiring in damp place. 
“Electrical Merchandising,” White, 
C., on wall-type Elexit in- 
Btallation jets aaeeeeee 
“Electrical Review,’’ Hutchison, 
B., on measurement offset 
piece in confined space....... 
“Electrical Wiring Manual,’ Seng- 
stock, F. F., on conduit w iring 
in damp place, ook AGO Tee 
“Electrical World,” on 
installation method 
“Electrical World,” Tod, W. B., on 
acidproof construction 


Exxecrric-arc cutting reinforcing 
SUGGS scmeeioe ieee rer eee ees 
removing reinforcing steel poeraeay 
tion WUD fects fava, cape eee aaa 


Electrolier outlet box supporting... . 
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Exexitr box cover, screw tappings... 20 
Aefinibioweecirecc ieee 6 50 
DIATG aeneny. bok totter, akties cu 55 
RECEPTACLE, ceiling-type......... 56 
fixtureistudins.ac6 2). <. lee 6.0 15y3 

FOV PUL rete tens ok utes cicmasie cis, wasn 57 
Elexilier, definition................ 53 
bun LODMSon, «re Geena e. Gee 2D 
Enciosep direct-current motor..... 422 
oil- ee SCALUED farce Gren e es dee 421 
SKS cho GiGtOrch cee Sek erat ion nen eee 420 

END pend phort-radius.......¢..:. 172 
CONDUIT, cutting thread.......... 173 
<SUNCYEEG He ten nes Sie oy eee nh ees 187 
ready for insertion in outlet box 173 
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exposed, see Exposed end. 
Ends, joining two flexible conduit... 187 


End-to-center distance, condulet 
CLDORae ee cenit woaree aici 108 
ENERGY OUTLET box, definition. .... 18 
ENTRANCE cabinet, definition....... Si 
head Adehnition .'s,0... ess 2s 38 


service, see Service entrance. 


underground, see Undergrownd 
entrance. 
Hriekson*eoupling. kis-< sess ses © 38 
IY VAMSLON ANGNOL. Le ak coe eee clea 276 
EXPOSED CONDUIT, in payilion...... 254 
Ais Vani yer ye -tovare mv Aialeeis, Steeoe ees 247 
open, supporting from structural 
members, devices ............ 267 
service entrance wiring. Mote OO 
supported with pipe strap . Berar ay 259 
wiring along fireproof wall........ 253 
OG ates Oreo atin escent ne dal 248 
EXPposeEpD end, carrying into box..... 249 
OPCW: Watt. ccs cee ee een eee OO 
PASOR Go ieres Sc cysioie e O eo eicadinrs, cs eee yi 
RUN around an offset............ 249 
weatherproof socket supported 
PROM Cs seca esse eae. oe 253 
WIRING, classification............ 256 
existipe building. sg -cieuec eterno 247 
METIS weiss Santee Neto at OF 
flexible conduit. 2... ......5..- 247 
installation on reinforced-con- 
erebe Ceiling oo... 6). 0's specs ee ee 258 
mechanical protection.......... 247 
outside of building...........-.. 258 
(Dull POR eects we ce sere © Mees 256 
supporting steel cabinet........ 272 
surface, example. . 259 


used for parts of other. systems 250 
EXTENSION BAR, dimensions and 


BERSHE OR corninn ec cce crus aces 267 
hanger supporting span.......... 272 
size selection. . Carte OO 
EXTENSION cord, hazardous. . mee 408 

SN See ETON ORDER OIC et oe eee 29 
Exterior work, waterproof BE . 258 
Tye in end, pulling-in line. oe 2 OL 
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(Rivah verse meerennie eee. e feta teres atte lal ees ons 38 %2 419 
MCGCET SEN reece nin eles 329 
FERGIE ree aie alee mies eee ai 329 
MertilizencoOMlenccces 2050 aos es = 406 
Fey automatic-grip hickey.......... 134 
HE PROLGONELURLE rae otene tells ioctta oti Aueqe Ot osu 241 
Finn, as improvised pipe wrench.... 125 

HO LEMIOVE DUETS. oe = eh ccs w1sie eceists «2 italics 
Hiller, KMOCKOULs o.2- e eee esas 49 


“Fire eis Sengstock, F. F., 
OMMCOMAUU MIRE carne sf ieletel ce. 399 
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MERE RISK, DY ALGlINg&. 6 sae as as osc 362 
SHOrUClECUBUL NES wirieie ive e eherene 362 
EIRHPROOW ColMN... 64 eee ee ss 212 
WALL, Conduit along... ...+..5 0s 253 
installing switch box in........ 209 
FISH RIBEON; LOOPING. vo... ..5. 0+ 6s. 298 
ISIN E:) Futeoe Mee em on oe a eae 293 
Fis wire, conductor attached to... 317 
BND, DEMGINE. vi... o.e ce vs akaaeee 297 
loop in, two-way fishing........ 302 
Ibi ove Lesh tonne Ae ees ieecttala Arlo wie ee 300 
or ribbon, straightening.......... 304 
pullers noneslipy ci eo aane ee ee 329 
RUE evenaress eishereha a saede ton eee ee eae 283 
Fisher, H. D., on wiring arrange- 
NOES LS Asa a ACHES CRORE rica ae 76 
FisHinG and pulling-in, sequence.... 284 
GONDUBETCOSEIOL. a: aerate ners eran 295 
jointed tube .ee owe oe vee 302 
TALCAD SUID ot come bhai eae doce soe 294 
cord, pneumatically-impelled.... . 310 
Gefimiiont Jase c hee esos ae nna 283 
Gouble=endiins Sane cca hw omic 301 
line, drawing pulling line with. ... 308 
loop in steel ribbon end.......... 298 
IMACHING eke carsey ores Oe te ee 310 
MANUAL WIRED, classification...... 296 
DLOCEGULE sy neceas =a iscnt eaters 293 
methods, classification........... 293 
obstructions cleared from conduit, 
MetHOUS sa lanats Mom sails 6 289 
‘old! piiilclin Senet ere 294 
OMLG= WE Yreie: ie) cvegers Racters wuvistene & er sienere 296 
VSM sen eretstsuc sarc istal ese Meneite 304 
pneumatic, see Pneumatic fishing. 
pressure, see Pressure fishing. 
RIBBON, brass ball on end........ 298 
loop, conductor made up in.... 318 
NISC ben omiemiceerctesrse oes ketae 293 
ROUND galvanized steel wire...... 314 
steel wire end bent in corkscrew 
forms e societies 301 
SHOEt Uns, wae sete Pees ae le, iene 284 
to ceiling outlet box: ....<...-.0%5 299 


two-way, see Two-way fishing. 
vacuum, see Vacwum fishing. 
VELUICHI SUN. rtete tpi hieceis eee ee or ae 295 
WIRE, attaching pulling-in line to.. 319 
through fixture, lead weight.... 303 
Firrina, see also Bow. 


CONDUIT: GEHNIION. «0 o-s.c.4.5 ee ele 16 
fastening to machinery........ 427 

cord-feeding, see Cord Seeding fit- 

ting. 

distance conduit screwed into..... 102 

distribution, see Distribution fitting. 

Leta Peele tone eect e Mec tsiitice rarer cue: 255 

exposed witihee. ceeds cece timate 254 


junction, see Junction fitting. 
knife-switch, see Knife-switch fit- 


ting. 
locating Garter sewer, cise trea 107 
DTATIME=CMPGuehats crsuers iste aie lanore day 401 
MON=TETLOUS) | oe eas were « Ne aa ele Wide 


outlet, see Outlet fitting 
pipe, see Pipe fitting. 
protective, see Protective fitting. 


MOU) HASHMI UTOM estes werete sre oe pie tnels 18 
separator, see Separator fitting. 
REL VACeLOMUNANCE a seats cine) wiih ines ees 77 
BOCKEU Sete ee eee rte ecay cer ah purr: 407 
EDEN) LORIN he ferrniers sie Oo ele lone 255 
splice iNest a aden ee Oa RE 356 
cb Fefefo Meee i nV Has 8 cl ayecapece pen Pacer) lee RCD ICSE 254 
WALERDNOOLS staat clestct mes smelt recers siiels 258 
Fittings, conduit length between.... 103 
Fixture, Aglite, illustration ....... 353 


448 INDEX 
PaGE : ? Pace 
Frxture, fishing wire through......- 303 GLUE HOUSE, installation..... neater 405 
hanger. GA are COE ae 201 GRABLER BAR, see also Hatension bar. 
ghee improvised conduit box in metal-lath form...........-..- 219 
ANGE acts teres arse eee phle were = supporting cabinet.............. 227 
lighting, see Lighting fixture. (YTD 5: WAC acaices susieye = atermeiaee ee ee ene 329 
stem, bushing down...........-- 201 Groove, cutting, in joist.. oe ek 
BEUD  ealtaChing verses se ects on miene 200 GROUND, Artificial.3t. anteaters 372 
definition ssc. one: 48 ClAMPiac caeleeieae Mee Mane ochnb 2212. 371 
OUtlSS DOK aia e cle-aietoiscele we ainse 23 CONDUCTOR, function............ 364 
BEOVE: DOMb sare creccrerd overecie nets 201 conductors, two, method of run- 
supporting heavy load......... 199 MUNG ee angeles econ SS aeOOdg 
CYDES 5 oa Saal acme eleva weeiretes 48 conduit system and neutral wire.. 366 
supported from ouilet box in CONNECTION, location........---- 367 
plaster-board ceiling......... 238 motor frame...... 206+ se2- 20 420 
FLEXIBLE conpuiT bushing......... 43 to piping, system. 3.5 5.0 42 ee - e 369 
connecting machine parts........ 416 Mistallatiom verre ccielsiete eke eer 365 
GONNCCCOLS oc aveleioieyshese.cle sie oo oe 196 of conduit separate from that of 
GUttIBE Ge asccrie de re meun come cor 115 _ WIIG. 22.2222 e ese sewers 366 
elbow-clamp connector........... 197 FOINt, WITE WIADPEG.. «2c cs ceiiee cere 370 
EXPOSE WITING seein teases oes ei 247 load side of switch box........... 369 
drilling holes in joist for......... 216 made to gas-piping system........ 367 
fastening conduit box to........- 196 PIE, USE ogo a ele ees gee oe ae eS 373 
HOMMING S acca sreatest cine suey Sera 187 switchboard frame..............- 0 
joining to rigid conduit.......... 187 wire, connecting with locknut..... 371 
INAGHINETY tous ahels Seers.sWenebd ae nm lee 416 Grounded, when, service entrance... 364 
TEAMING tance ene «os cucnne omnes ey LOO GROUNDING CONDUIT inside water 
BUZOlaiere:arvuavane she letelehecey a1 ate guivdencevevouas 12 MObEL.: 21s cals. j Ste oer ere 68 
split coupling 39 Bystem A. ii). dese s un worecteeeiase 362 
ibn locomotive.. Mota Meng cy GrounpInG motor frame........... 366 
Rl alerayanwr si, efeierauset ane us ese are «ach 116 on gas-piping system, where.. 369 
Flexible tubing box.. Ps erie Lhe system back of water meter...... 370 
DOOR DORs 5 ocho saleiwrs eet au ones os 30 to. water DIpOie is.c.da cites sie 369 
plan, steel-framing.............- 90 Groundit se) yin aes ee Oe 366 
SLAB, concrete, pipe elbow........ 202 GuARD and veporelt: globe), fy ee 413 
thin, short-radius bend........ 172 lamp protected by.. fis ee OS 
tile and concrete, installing shal- Guipe block: Avice ccs eee 336 
low plate: inisgsaniciees cae oe 208 tube; fishing s02.). 2. cee eee 299 
vertical holes cast in........... 205 Gun, conduit clearing.............. 291 
steel lumber, conduit in.......... 219 Gutter, wiring, definition........... 36 
WOODEN joist, installing conduit in 215 
see Wooden floor. H 
FE LUSH-CADINGticaysceithslavechacco:esseneraene + 34 
DEVICE, aligning on tilted outlet  HAGRs iw; blade... ances eee ai) 
OX Stor teik eh sarcssucreal eee senses 232 ~ conduit installation. . 2 is SO 
box, washer spacer........-... 234 CUTTING flexible conduit. . Bee Pay = el a5 
A WAU OH) am Byres te reters sterile 234 rigid conduit.. a Podtoeres 24; 
in two-inch partition.......... 238 placing blade in frame. . Beta le | 
Hlootlig nbuwiTi gee) sere ae sce ene etete = 255 power-driven. . e SiSieaairecene ones en mead al 
Form, conpuir attached to........ 199 Hain hous6so. sis takai ning 406 
box fastened! Goo. cic deletes eter wae 197 Hammer, conduit installation....... 95 
Form, holding conduit from........ 199 Hand drill) smasonrye..ceccecen oe 278 
sheet=iron, holo... cic. sc cccee ees ss 194 “HANDBOOK or Evrcrrican Mreru- 
Four-way switch circuit, polarity ops,’’ WALDENFELS, F. G., on 
WATIN O)04a 9 a's eras Welarete ves ete are 349 conduit wiring in damp place. 397 
Fox, G., on oxyacetylene method.... 206 hazardous place installation. ..... 405 
Fralick, S. R., and Co., on fixture HANGER, ConDuIT box, improvised, 
Stud. cis cies ciereercio cists sroeroters heavy fixture soc nes aoe 201 
Frame, bending conduit COLIN es ch Skee Ee ee 264 
Frankel Connector Co., solderless HAnGmR, extension bar, supporting 
CONNECTOR Mesh. Gulvices bs re 355 LONMEDAN Oi ee eee hy be 
iremGh) Challe sy,, cs:ecmpasehetemeremeenle 327 hesvyiruns 4: -cset eer ee 270 
Furring strips, supporting conduit in. 217 holding conduit to I-beam flange.. 262 
Fuse box, conduit WRLC a oeneerertarcis 421 multiple PUB vo5sersevs our eet nee 265 
placed outside of damp place..... 409 pipe, Aiting y.se eee ee ee 213 
strap, doublsoontiag a tetera hee 266 
G ee wea gies OER Reape ye  * 206 
andem, see Jan 7 
GALVANIZED conduit, hot-dipped.... 398 US@: tasters omer es eee Ce rad 45 
steel cabinet..... Rocsrouoecouo 3c 412 Hanging room ne eee ee 405 
steel wire, as pulling-in line....... 314 Harvey Hubbell, Inc., onreceptacle.. 17 
Galvanized-iron MULE Asi cc ete 408 Hatzel aed Buehler, ‘on power hack- 
Gas-piping system, ground made to.. 8367 = SAW. eee e cee ccc ceccccsce. 16 
GENERATOR, conduit layout........ 92 Hara asous installation, socket... .. 408 
GleCtrioal waning Natt. «srs elcnseie ele 417 location, wires 2. sens one ee 
_hydraulic-turbine driven......... 428 PLACE, CONDUIT installation. ..... 405 
Globe, vaportight................. 413 WATTS Swistepremetc spice en 397 
GLuE HOUSE, cabinet.............. 412\  Headstock-motor....5. cuss ss0te on 423 
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heating) cinguitremneria cree on ei et 80 
Hercules bendersrca. jcau see... 156 
ICKMY, BAVaNntagess, ce. 6c eh an tos 132 

ApDlicatiompe ses Gino wie cike he 131 
commercial types................ 134 
definition. 127 
Fey Automatic-grip.. 134 
FORMING offset with............. 175 
ae eee bend ige enone ttmsicns ore 166 
homemade. . 132 
Lakin.. 134 
offset bend made with........... 175 
PIPC-fittin Giese asew sn ec aes on 133 
PIP TUE oe sc eieeha 5.2 1aeteke ls) «oe i ea 134 
with end in ground............ 148 
right-angle bend with............ 163 
sheave-bar bender............... 136 
En ino Qa CE hicin bagi on citer 165 
WwOOGen BUICK AGsnw = wntiihs scene oe 132 
Hob-grinding machine...... ...... 422 
Fl OrmMy DULDINE | yes mattelcr tee al eee 206 
cutting device.. gene 188 
in cabinet back for wood screw..... 273 
large, making in steel box........ 188 
Houi.ow-tTi1£ arch, installing outlet 
DORI sessilis Seieerds sinensis 206 
partition, arranging outlet in..... 211 
surface, supporting vertical run. aid 
Hoox BOLT, application............ 269 
supporting cabinet on concrete 
column. . 273 
Hook, pipe, holding conduit in slot.. 215 
Hor galvanized steel cabinet....... 412 
TOCAUIONI fe cpeoi ois, oi Sere Aas weeks tee 412 
Hot-dipped galvanized conduit, cor- 
FOSIVCIACLON. La Meewers geese oe 398 
Hotel Gibson, distribution cabinet 
WAGs POUL lOO xia e lain icasuse ee Gees 274 
Hotel, telephone wiring............ 387 
Hutchison, C. B., on measurement 
offset piece in confined space 109 
Ey pRAUHICNDeN CED y.t pas sctes ee erera = 130 
foree PamMiy. =)... si bice Secs cee 292 
Hydraulic-jack bender............. 149 
Hydraulic-pressure, clearing conduit 292 
Hydraulic-turbine driven generator. 428 
I 
IDENTIFICATION, polarity........... 347 
DULL NS Seren neal ne oeee en ete set 350 
Identifying, definition.............. 345 
Inductive effect, alternating current 73 
Inflammable atmosphere........... 413 
Installation, combined surface and 
open wiring, illustration...... 261 
Insulated wire, slow-burning........ 412 
InsULATING clamping block........ 341 
COMPOUNG ae aoicinta ered ceaeas ee elec 402 
INSULATION, damp place........... 406 
POSISCAILCO. 1. wy ineiees ec eet) AVIS oe 378 
PESTS LOT os coene ditties oeayaus avaivte avers ser 374 
DOT BOLMSTING = waters cs. a aeons eter scone ie ce 358 


Ismond, on conduit clearing gun.... £ 
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JACKSCREW bender......:....:....% 

bending Lil. eM erence see 
Jipleranes portablescn..css sence 1 
Jiffy adjustable cutter ............. 
Jig, bending thin tubes............ 
JOB, CONDUIT, laying out........... 

IMAUELIAM are cctoha wie tel cians weetayetnn aatetere 
Johns-Manville Co., fibre conduit... 
JoINtT, carefully made in conductor.. 

conduit, electrical connection..... 
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JOINT, ground, wire wrapped....... 370 
in wire, applying paste to........ 359 

RUNNING THREAD, connecting bent 
GONAU Ger iei sco Geeks roe ene 185 

see Running thread joint. 
TAPIN Gah creas sacs. aces tenerntioen tle eee 359 
JOIST, Cutting groove... 26.6... 5205 215 
drilling holesint aude ceoek eases 216 
weakening by slot and hole....... 216 
DOSES MOLI feven ae aan ake eee ele 85 
Jones, W.S5., on wiring srougn CO Aat e: 93 
JUNCTION BOX, definition. . SE ae ev: 
AN AUG Lae Riecerere-e Secleale aitequal cea Sete 192 
hdd Se ortega oat Ce Ean Meer 32 
Junetion fitting, definition.......... 18 
K 
Key socket, damp place........... 409 
universal, see Universal key. 

Keyless anicy Cae soy Meee ae 3 413 
KNIFE SwiTcH, damp place......... 409 
elect rn. cosine. tet ee bares oer 410 
larvevosbinebracmenchve osc nce one 410 
KNIFE-SWITCH cabinet, definition. . 19 
fitting, definitione ss... se ace 19 
GNOCK OURUCAD ayers eure <coseenerie 49 
OLEH, OMtbING Ho o<ct. cae asso siscicoe 187 
oxyacetylene method.......... 206 
type; oublet mitingiee. oe. * snes o 36 
not, Ditch sysacmak, setethoen hae ces 324 

Kock and Sandidge, jiffy adjustable 

CALCOT sia eM Do aars ce «teas cae 

L 

Baquero cae eue tee toe tees 410 
Wa Glee. steers ta. cee Soe det aens Gites Sees, ANOS 358 
LAG SCREW, bit extension drivingin.. 274 
MASONTY: SUPLAGCE tcl > «hie ele eveceseseee 276 
Taleiay iekey sc <-<chustcrnes neeles be Secs 134 
Amp, acid proof’: sai. Alaskan hw oe 414 
attached to fitting socket........ 407 

protected by galvanized-iron 
UAL whens aM ee seers 408 
tape around topic leaeact iene 409 
Lamp-circuit switch.....0.0...-..06 409 
Bardo, threading.) :..0chr- ee ereccier 120 
Lath, metal, ceiling outlet box...... 208 

Lathe, headstock-motor wood- 
PUPTIN ps Meats eta ectecuens ease 423 
Diavaybubety nective 0o teeta seer 413 
Leap ball in fish wire end.......... 298 
Pipe guidetuber ss occ seaeche saw v 300 
Lead-covered rubber-insulated wire.. 406 
Leakage current, path............. 363 
LENGTH, conpuIT, between fittings.. 103 
WADE nde eg reo os isyoetesicvenslarafeps alates 109 
Length, piece for offset............ 106 
Leveling conduit box.............. 222 


“LIGHTING CIRCUITS AND SWITCHES,”’ 
Crort, T., on testing out 


BWLLON CULECRUS a 1ietta cl idence 345 
theater specifications............ 61 
WITING CONNECHIONS:. «6.604505 346 

Lighting fixture, outlet box, chart... 21 
Location, SUES OI EE OE eee 88 
Locxnur and bushing, box secured 

FONCODAUIE Withy epee kp os cies 209 
box held to form with.......... . 198 
CONGUE CADINEve ite ars cielsait cise) exe 15 
Jconnecting ground wire with...... 871 
hexagonal punched 44 
PMAPLO VISE scitvs aise ents eisievere 44 
made trom coupling. .2...-. 0.05. 186 
one-half inch, wrench for......... 127 
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Locxnur and bushing, outlet box... 195 

running thread joint complete 

WAU erie vie teuce ert eu mae tees- eee 

USGS ioe ccoytuda ote ere ere a ee 
Locomorrv#, conduit wiring on.. 4 36-439 
flexible conduit..............-.. 417 
Pull ns.) < si a.d.e ot Moe .; oof 
Long distance boring tool.......... 303 
WOoOye POX, eee eee eae eee 12 
BROUOE Siete, oto vbieiein areal Oem 418 
Loop and ball fish wire end. . as 298 
steel ribbon end, fishing.......... 297 
Lubrication, conductor............. 327 
Lug, joining conductors............ 356 


LUMINAIRE, connected directly to 
COMAUCEOM a si s0e  o6ee ge Ase 353 
heavy, outlet box hanger......... 201 
M 
MACHINE, automatic hob-grinding... 422 
bending, see Bending machine. 
fishing ).)45.c oes wet bate ease Gare eae 
parts, flexible conduit connecting.. 416 
power threading)... cemeceee es 120 
power-operated, conduit straight- 
CNIS Sen ae chareais = Paes 182 
with momentary-contact switch... 424 
“Machinery Foundations and Erec- 
tion,’ Croft, T., on expansion 
anchor plugging hole........ Px UA 
MAcHINERY, electric light wiring on 428 
fastening conduit box or fitting : 
COS 08h, seb dae eee eee 427 
flexible or rigid conduit.......... 416 
pipe strap holding conduit to..... 427 
support of conduit wiring on...... 426 
switch on, totally enclosed....... 420 
WIRING, concealed............-.. 428 
desirable form of switch and con- 
trol apparatus« Ss se0 ott o 421 
On, requirements. .nicde sane 6 416 
Main frame, definition... 26.27 6.55. 388 
Malleable-iron nipple.............. 43 
Manipulation, conduit, tools. . 7. 95 
MANUAL clearing, conduit run...... 289 
WIRE FISHING, Classification...... 296 
DEOCECUTOS sagen esate Re 293 
Marble surface, tie wire supporting 
Ctopolohiian Gra Oc hocevousaoae 263 
MARING type fitting...¢....eeeus.. 401 
work, waterproof outlet fitting. . 30 
Marked conductor: «....se eee on 346 
Marking conduit for cutting. . 112 
Martin, H. P., and Sons, on portable 
vise atand Ase mere! cia de 97 
Mason, F. C., on jig for bending thin 
WUD GS). <c« 5 ee Ree Ee 156 
Masonry construction, concealed 
VPUELIN EM ars vance comet betener ireei eee 192 
Grille pets ec esse oe eee PH ( 
surface, maaling attachment to 
with screw. 2508 9 ren eT ae 
Materials, storage, 22s scws cetessk 86 
Megger method, measuring insulation 
TésiatanGam na. aceon 378 
plate, alternating-current conduc- 
MOrcunGOUE Nye ate eecinmene 74 
plug, masonry surface. ede 
Moerat lath, ceiling outlet box...... 208 
Metal-lath partition MOI ike water 235 
Metallic body, alternating-current, 
GEOG Tate eak coe oie ronlr ice airy ch ore 28 74 
Michigan Stamping Co., on octagonal 
7, Outlet boxe peemee wins ao. 21 
Moist place, running-thread in...... 185 


PaGn 
Moisture condensation, conduit 
Pnierannoe cong: Gere nacn goo 401 
preemie switch, machine = 
Dh Ra ee etre co 
Montana Power Co., fibre conduit... 241 
Monorail crane, pulling-in with..... 335 
Morton, W., on improvised electric- 6 
ATC: OULHU sa.- hey metas tetenee 205 
Moror, alternating-current loom. 418 
and switch-and-cutout box, conduit 
WETS ain eieloreiohsiat eerste 419 
Asmip: PIACe..0s 9 ese eae 403 
enclosed direct-current, wiring..... 422 
equipped with terminal box or 
Pushing... cise eee ae 417 
FRAME, ground connection........ 420 
SEOundINgG.... «c..,caesees e ee ae 366 
remote-controlled. . Asa Bo! 
starter, enclosed automatic. ete 424 
starting apparatus, installing.... . 275 
with terminal box /...3<.5 scree 418 
Moror-privem fant. c.,.8 cues 419 
winch, pulling=im-. 2 oe2 one 331 
Motor-starting SWibGH. 20s arn ha Hee 421 
Movuvtpine, baseboard, connected 
around door with concealed 
CONG /5. 5. eye ieielotegetens 393 
joining to: Conduit... a2. dcccie 252 
run, side-wall conduit feeding... 252 
WIZE, UBOsc ..cistaa sole ate ee ee 388 
wooden, see Wooden moulding. 
Mouse, definition..< <. <4... oo. +e one 303 
MottieLe RUN, fastening to brick or 
concrete surface. . eas, Pate 
pipe: support. .:.¢..2<%.. seakiaeenen 265 
steel supports | ace..528 5s oe ene LO 
SUPDOPGal 2 aan wm ese a ee ee 265 
ea conduit run, conduits paral- - 
Mollie: reel, arrangement......... 286 
N 
National Conduit Wiring Co., fishing 
machine....4,c0c wees a eee 311 
“National Heese: on power 
hacksaw... ree IL 
“National Electric. “Code,” 1920, 
example based on........... 82 
“NATIONAL ELECTRICAL COoDE,’’ ON 
accessible conduit box....... 192 
braids, polarity wiring........... 285 
branch ‘circoit...s0 es eee eee 17 
CONDUIT case installation......... 14 
HUNG. 20% boy dis yas ae ea 78 
smaller than one-half inch...... 12 
current-carrying capacity, ground 
ClAM Dus, jane oS en eae oe 371 
electrically continuous conduit 
BVOUOHI C2 rerdiie aya cece 44 
entrance head. . aoe yeas 
good-conductor material.......... 14 
GROUND clamp materials. ........ 371 
conductor requirements....... 365 
ON interior conduit system. .... 368 
load side of switch box....... 369 
Srounding 5. wie sewn eee 362 
installation requirements......... 82 
insulation resistance............. 378 
interior Gondiite..ees oo ae ee eee 281 
more than four right-angle bends. 85 
number of bends between conduit 
cases. Soee ee ue cls AS 
separator box. S Re eet an Reheat 14 
GG0=Wwatitixrulek. comtiiee eererene 82 
splicing conduit system ground 
conductor to that of wiring 
SYSUOMN sc tenke tre once euro 366 
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nae Pagr PacE 
Nationat ELrecrrican Cops,”’ on Ouriur Box, definition. .....-.:... 17 
support, conductor in verti- existing tile partition. ........... 210 
GallbRisen seat gee. tire eee 342 face set flush... SNE ORR Te 
Uhread in ee cerectere seer clanee chit. s 283 fish wire end blocked............ 299 
wine requirementse.o22..0.0.014. 50 AUREUS BUUC gaan earch esate ste mente 23 
wiring requirements. ............ 61 HANGER, assembled in iain, ay Ae A » 201 
a renal Enameling and Stamping HBAVY luminaire. . Se pibehe teen. e210) 
Ey PALUIMAMUGE? ic ..0 vee he on 243 NELuiCal LOACs .cekerts + < atie st mah 46 
National fishing machine. .... 2 da. 4: 311 Hold orate etn eects Mower acam 218 
Nationa Metat Movtpine Co., hollow=tilevarehi.i. a. 2 nce eee teas 206 
eComerete: Dox. cscs c ss eee cass 29 late placement, thimble.......... 193 
octagonal outlet box............. 21 lighting fixture, chart............ 21 
sSheraduct conduit............... 241 Vowlomitege c.chenchese eu ieetass Susanne 195 
meN@we Elric! GOVEr.. «ce seis ence oa 22 OGbAe ON Ale aera eepirerceeete ta preemie 21 
New York Division of Lighting- partition location. ci cen. se 4c 88 
fixture Manufacturers, on Plaster heard partition. . et LOO 
lighting-fixture outlet box. . 21 restricted space under beam...... 203 
Nrprty, bench vise cutting and rim-clamp, wall Elexit outlet . Do 
tbnea dings Stbac $s esac aed: 99 SUC PALUELOL ges cs4- sakes eed 221 
conpuirT box held to form with. 198 supported in wall-form, illustra- 
MADINCD eer wre See. Wee aoe 15 ROW CS Mae see opt oa s> Siem at scaua eens 200 
GIBAdIVANLACE:...scek oa tes cn een 43 supported to concrete form....... 198 
heavy Turinaive yar. te Leade bak, 201 SUPPORTING between flanges of 
MOL deri ese oats na Sux aoe irre 123 steel Colum ..c.s sree ae 212 
length between equidistant fittings 104 during construction. =...:..-.. 210 
miall@a blero» je.y/60 5 0 <\-)e less cts: 43 from door bUCk ws cr iene sie es 220 
(aressure lishing. .e0 5 vee ak iets 307 on) flange’ exterior... -.-.-.--- 213 
short, threadinigr.,\., 1. soe sere oe 122 Pipe MthNesien ese <a aes 213 
ETO. Den Es ie nk, os ee 43 suspended ceiling........... 208 
PSC ok Meters ere ene Leto) aca, aha eran eee 43 tile-covered steel............ 212 
Non-ferrous fittings, eddy-current... 77 tEMpPOTaryisUp POL) sae ea 210 
Non-slip hiteh knots... 3... seo 324 TVeTM LEstriGhiON...am ches wes 15 
Notch, conduit, cutting, simplest tilted, aligning flush device on.... 232 
i BREUN OG eranpe minute cite onetee 137 VISCsbOnNOlC ey torsi kas ete eer 189 
Wo-splices block aac cols mee oOD Wired (60) PANGULLON a acide 235 
Numbers, universal, conduit boxes.. 24 Wiring, GIAgTAM.6. 7. 2m oie eet 214 
OVE DOGKED WISE. s:ci0,c1c cnscsnsre: ess eer cere 99 Outlet boxes, several adjacent, align- 
ment, of covers for..........- 233 
O OUTLET, ceiling, see Ceiling outlet. 
conductor end left extending from. 339 
Octr. con AL box, conduit connection electric, see Electric outlet. 
ba NINN Oe gO ERE Gy 41 energy, see Energy outlet. 
ethee: DOME een hie eA eee ae 21 finding center location of......... 107 
OFFICE BUILDING, cable shaft....... 390 FITTING, see also Outlet box. 
THELBPHONE Conduit... 2.5.2 .5.00- 389 knockoutity per). 1 tae 36 
PYABIIN EE crs pate Pye edeteaeevnciarate Sete 391 WAU CT OLO OL = cette yereoucense ses resale els 30 
OERRSMT AUG: oclterd clove reene eaten el Toes tyOm aye Artec cig eet aia ie arcs is 88 
bunp, chain block... o.cshe ens oe 147 plaster-board ceiling............. 237 
DIDKE Vere ee ee ae err ings) plate! prohibitedk js setter 
MOM eh, sede Ca REE eye ier 161 relocate in partition 
Combined SpaGe:, <2 ncsecnetucnsiens hens 109 le building tronte jy... epee seers 
exposed run around. ...5..502.0%5 249 Outlets, maximum numberonbranch 82 
LENGTH conduit required......... 176 (01255 01 ieee eee ap ERE eb Secs eek en 412 
45-degree offset. ........0.-55. 105 Oxyacetylene burning............. 205 
Om for stock and. die? . .....e.62-. 95 
RCC Oe Meg raha curt Anke hain Sait 406 12 
BWEUCIUS Maar) cues teehee ee eG 421 
GhreaG yriecenen ar OSE eee ee earns 120 Packing house cord. s.sne 6.4. s oe 407 
Gla Dousene ire ae eee 406 i2vlalabeeotyor sts tp bhie oc ee tos oon oO 399 
Mne-wWay. BMI es age seu Fee ae ace 296 PANEL BOX, see also Cabinet. » 
OPEN EXPOSED conduit, supporting Elba aah naires Gtotcte Sept. i ceeeet cant pure Oe aarara 225 
GO VACES I. tr Oe ocierepenatale ais labs 267 WD ATTLOL A c.srnsicen nite eels eas tae spe at ait 36 
POAT AILS! a, ch ctr cristae orebe waned haa netahey  iwuemte 260 AUNTS Roky Ac ae@iae gees aceade on 35 
OPEN WIRING, advantages of conduit Logationies site wo aoa Sparc ete) 
WARING LOWIEL ferare yal. epeters/mttro lowe 398 Panel, conduit attached to, with tie 
EXMOSCG see, cone eis ee cine ack GOO. WITGL lates te ee icieys atic 6 
Oster Mfg. Co., on power threading leaiigshanhalanewa Malin Rete Saucier ees ere ue Ch 
EM ACHINGS se athe mio ey teneke, arson te 121 Partition location, outlet box 
OUTLET BOX, attaching cover oe to 229 outlet box in , 
bend, templet fitting. . A 174 Pass and Seymour, porcelain socket 
bracket outlets................-. 22) im conduit box. .......2+++5% 354 
[Sths}o0 bt ect oid G Bore acces Ge een 195 Paste, applying to joint in wire..... 359 
ceiling, see Ceiling outlet box. Pedmiek bender. 25sec. ss Joppe exe) 
CONCRETE column............--- 203 Philadelphia Electric Co., conduit for 
Martitions 5 4 qs 5.72.6 ses eset es 88 SWAUCHIDOSNG, cn sts) cleus ale 242 
Govinny ahipming ie ewe see ee 230 Phillips, G. E., on Hercules bender. . . ane 
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Pickling department... ...... 0.000. 
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/ PAGE Pace 
- Pipe curTer as stock and die....... 119 PorceE.ain cleat, vertical conductor. 341 
~~.» not used cutting conduit......... 114 cutout, 1 Cabinet. s:.1.:0ls sie se -14 273 
pres earth connéction...........-.. 373 keyless socket...... Biaelel Acer ears 413 
_" . ELBOW, concrete floor slabaous. aes 202 shell, snap switch with........... 410 
“ tmcder L-beaty sie) side cis ol 202 socket, in conduit box........... 354 
ENITTING, HANGErs., o. oe ee cise ows 213 weatherproof socket............. 408 
supporting outlet box on....... 213 PoRTABLE jib crane..............-- 335 
EP POUL aia cuts tees oieistie NG RPE ee alls 373 vise, see Vise, portable. re 
guide tube fish wire............. 300 Powdered, tale... ...20is.asectsie ae ok es 327 
holes, distance between centers... 108 “Power,” Chandler, W. E., on im- 
hook, holding conduit........... 215 provised lever-and-roller N 
hot-dipped galvanized........... 398 ender’ 2ye.2 .weuse pil sictalle ensigioteds 154 
PA Cegtuahe themcha eet rs tear nicht rec ieee 86 Fisher, H. D., on wiring arrange- _ 
stock and die, see Stock and die. MONE Soon ewes a ees arched ae ee 76 
STRAP, CONDUIT held to timber Jones, W. S., on wiring trough. . 93 
WIGH ie a5 eve teate sreilore Col apcle Soto's ne 261 on cutting conduit with hacksaw. 113 
BUDDOLb cate scce cr oieleeson nae 215 “Power Plant Engineering,’ Fox, G., 
STRAP, fastening to concrete sur- on oxyacetylene method..... 206 
LACOn GS aenciavet web woes wien he 262 Power threading machine.........-. 120 
held with one screw...........- 263 “Practical Engineer,’’ Scholefield, 
holding conduit to machinery... 427 H. K., on bending heated _ 
PUPDORECS waiawic Mowe aretes Di eeto ars obs 265 COnduLt hy usele See oS Sk 150 
surface-exposed conduit supported Pratr-Cuuck Co., on yacee box... 37 
Wt Lis isms er avctscnls nralcterso si Sieles 259 octagonal outlet box.. ote ee 21 
vise, see Vise, Pipe. Pressed-steel box support. Sere te Se 
WRENCH, improvised............. 126 PRESSURE BENDER, construction . lh? 
ED FIMO Ree lacs teetererteenele eee cert 124 PNEUMAIC As ood s cae a eee . 130 
Pipe-fitting titekey;. 5 ).j6 00-2 ee acne 133 PRESSURE FISHING, advaiiag®s » 310 
Pipe-tee hickey, bending rack....... 150 definition. . 5 : . 304 
Piston, pneumatic Lat da VO OY abs ee Ge 306 OUTFIT, traveler. . Peis, - 309 
Plans, wiring, see Wiring plans. USO. aac ee «as A eras — 307 
Plaster; thickness:.t%,.-:ile0s ¢-<veeu es 192 Pressure, pneumatic, method of 
Plaster-board construction, outlets tracing conduit run. 282 
POGIE feS Peon elas ene ce eee 236 Res pie mechanical, exposed ‘wir- 
PRATH) Conduit, USE. «nce os eee cee 20 TAGE en oye avaisycheus ne ant aera eaters 247 
in tile and concrete floor slab..... 208 Preece cabinet: 302.05 eee 19 
metal, alternating-current con- GGG gn cvere vstena evar im ST 19 
ductor through..9% 1. ..2es- 74 Pusuic Service CoRPORATION OF 
outlet, see Outlet plate. New Jersey, Essex STation, 
steel spacing, over switchboard... 92 alumadtcts2).2:b.c> feet aceee 243 
surface, prohibited. 24... 4.0.00. 23 brass: conduit 504.0. Gane ee 77 
Plenum fishing URC eT ae ic ere Tt ee MRE ts ae 304 conduit, switch-house to turbine 
Pliers's. 50.004 oe te ae eee 95 TOOLS We sigs se w'Gke eee ew ae 244 
Puug, brass, as ground connection... 372 * control conduit room............ 248 
made from sheet lead............ 277 Public Service Electric Compan: 
metal, see Metal plug. PULSES: fake x ios are tans pea 77 
on iceiling fixturess:.0. cemeteries 58 Puuu Box, definition. . Pee er lls 
type guide blocks... .c.66e cn. we 336 distribution cabinet with.......... 274 
wedge, construction............. 276 exposed WING. ).0- a2) ... 256 
wooden, see Wooden plug. in place of bend...) hAsak ae ee 
Plumbrbob. Mek hoe ee eee 95 Inclimed.sey.cids vaccum cle eee ... 255 
PNEUMATIC BENDER, advantage.... . 160 large. . hein cic ae ee 
illustrationiis...wiroscr tas easton 158 over switchboard. . Aer Ree 
PNEUMATIC clearing, conduit run.... 289 replacing bend in run. cia ehcp ee 
FISHING, Classification............ 304 substituted for bend........... 85 
PACTHOG | tankss erste eset neee etree 308 support on _ reinforced concrete 
PRESSURE bender. .....5.esseens « 130 Celling:...c nate ererse ee . 274 
method of tracing conduit run... 282 Putt cabinet, definition....... 9 8s 
DEOCCHUTE).*: 1 ieee Meese re 293 fitting, definition........... Pare fis: 
Pneumatic Conduit Threader Co., Puller, non-slip fish wire. .... eee eee 
pneumatic fishing apparatus.. 309 Putuina, identification........ . 350 
Pocket vise, see Vise, Pocket. methoda... gin aoe oe . 350 
Powuarity identificaton............ 347 Destin a! OUt is yaiegesctn) styrene beucnee . 346 
WIRING, combined mastered and PULLING-IN see also ee an. 
unmastered circuit.......... 350 and fishing, sequence. 
different colored braids......... 285 around a corner....... 
four-way switch cireuit......... 349 asbestos-insulated wire.. 
single-pole switch circuit....... 347 CONDUCTOR, force never excessive. 328 
three-way switch circuit. 348 with crane. silt ore, aie eee 
two-gang single-pole switch cir- feeding wire into conduit......... 328 
GUD bas een sk ace lene wo euaconn 348 force, locomotive or truck. . 334 
Polarization cusehnimctis wcrc navies 23 heavy run, block and tackle...... 330 
“PopuLtaR Mercuanics,’”’ Morton : LINE ATTACHING TO. sxe nae Rene: 
W., on improvised electric-are cablecgripen. oes 322 
GOULET rere eteeeies s:aas 205 LINE, attachment to conductors... 320 
on bending and straightening con- __ DRAWING into conduit with cord 310 
Gait... cep een oir ellen 185 with fishing lings senen cere GOS 
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PAGE Pagp 
PULLING-IN LINE DRAWING, group of RISER VERTICAL, CONDUCTOR IN, sup- 
conductors attached to....... 324 Dort;-tablevss sce sesttiek + ccs 342 
making eye in end............. 321 supported within conduit sys- ba 
SUED 55 6 oa OER CIOL GOORIR Ds 283 UGG Gobo esp austin orp ade. 5 #. 339 
lines, kinds Pa Fisk ERROR ee RE RN 314 vertical holes cast in floor slab for. 205 
marking conductors for........... 325 when installed 2 )o3</05..%s a delew oe 204 
monorail crane Ramee Sys eae’ except Oro 335 ROLL BENDER, advantages........ ea hoe 
motor-driven winch 331 COMIMELCIAL Sis wiaisernssereiors ele ee 157 
portable jib crane............... 335 Gefinition es fe ocscwss wane Bd ocho rae all 
BREAVEl re ceteris s crete nc clcie Ge os athe 336 double-right-angle bend.......... 161 
Pump, hydraulic clearing conduit 292 force, applied through chain blocks 157 
plumber’s peers. nerds Eyelets 308 forming number of duplicate bends 176 
Punch, knockout hole. Saves LST improvised, types.............. . 154 
Push-button switch.. Samcdnwooe ello) mounted on bench top........... 155 
Pushing, conductor in ranase ace 282 offset: bending wa... ce ences 161 
preferable to hickeys.....6200s ose 166 
Q types of bends... veceesece cose 153 
, with movable roller and stop pins, 
Quadrants, different, bends of differ- AGVANtAGES fe ocites crete esse 155 
Cniradivaromececimonce cae niee 162 Rolling-hitch knot................. 324 
Rope pulling-1n line................ 314 
R Rotary snap switch...:202-0scs006. 409 
p RvusBBER gasket, push-button switch. 410 
Rack, bending, see Bending rack. hose, pressure fishing............ 307 
Condi flercisas linea eee 87 Rubber-insulated lead-covered wire.. 406 
pipe, see Pipe rack. Rutz, conduit mstallation.......... 95 
straichtening sss esc oncee USD two-foot, angle determination..... 110 
Ratchet, ates andrdia eos et Beek 119 RUn, CONDUIT, CLEARING, chemical 
Rat-tail splice....... Gade EWS ewe 357 BICHON: comraeie Menyeercate si ere ole 291 
Rattan fishing reed..i.....4....00.. 294 NEMA ee etsy skete sakes ietakar 289 
REAMER, CONDUIT installation,..... 95 Ron, conpdvit, containing four effec- 
CY Peso teslataavece sisters tee fa ee es 117 tive bends, illustration 
REAMER, enlarging knockout hole. 190 damp \placeless Fis sa. en ee a3 
GADCTER Hae ee oon os eh eee eer 118 extension bar supporting......... 
REAMING conduit GN seacancueace 117 Fishin gicostemeeetitec eter e 
flexible conduit... ..nccees- eee aes 196 homemade measuring scale 
Receptacle, Elexit, see Elexit recep- identifying two conduit cases of 
tacle. CaChis.c aerate owls cele Gis e sysueenas 281 
Receptacle-outlet box, alignment.... 228 laying out right-angle pend “n.cace 171 
PVECUCEr eect vaca seis ec eiciise eiee as 43 manual clearing seeds cei see Loo 
Ree), pulling mM wires: soe. ccc 286 METHOD OF installing conductor in 282 
Reflector and vaporproof body ..... 408 tracing with pneumatic pressure 282 


Reinforced steel, see Steel, reinforced. 
Reinforced-concrete building, conduit 


ATisballation estes eee us aes 88 
Remote-controlled motor........... 420 
Reservoir, pressure fishing.......... 307 
RESIDENCE, conduit wiring in....... 375 

telephone wiring ..2)s ens nea cee 387 
underground entrance............ 394 


RESISTANCE, insulation, see Insula- 
tion resistance. 


pipe earth connection............ 373 
Rex ben Geri, sesaren = 6 Wr ite to 142 
Rheostat, enclosed. . ig HOHE 
RicK-CHAPLINE ELECTRIC. ‘Co... on 

Chase Hotel as jins tics oer et 62 

Tiser diagram,-wiring............. 68 

roundhouse wiring plan .......... ae 
RieGiIp ConpDvIT, aluminum.......... 399 

clamped with U-bolt..:.......... 268 

COUPLING sieie.ceavetare nents cary svayorete 38 

GUELIN DE acts ctee tec ee ae are 113 

EXPOSE, WOT cas at ce octet ators 248 

fastening conduit box to.......... 195 

joining flexible conduit to........ 187 

MACHINGFY eon eie nse es dein ete is ne 416 

THTEAG SIZE. wis cere oe oo skhehetete fa. 12 

GHTOACIN GY sie fae atcand ot dr hetatceclie Oates 119 

through holes in joist............ 216 
Rim-clamp outlet box, wall Elexit 

Ub Ob eleccterstas teretslarstcbe lenis 8.04 tifa) 


RiseR, conduit, forming chase eae 204 
GIALTAM, MWITING oe stale viel cista ays witels 6 68 
exposed, see Hx posed riser. 
nail, conduit held from form board aoe 
telephone conduit, diagram...... 388 


not always routed by direct path... 85 


DIATE Soren Gee a reeks erecta re isionsrene 84 
ready to place in.-.............. 185 
right-angle turn I)..2<2-5.- ><. 170 
templet to locate termination of... 240 
WIT: GTOD {TOM veces sce ee sees 407 


Ron, exposed, see Hxposed run. 
heavy, not pulled into conduit with 


fishtribbonsseees ss pecs ors <= 293 
horizontal, sealing conduit........ 403 
long conduit, quantity material. 85 


moulding, side-wall conduit feeding 252 
multiple, see Multiple run. 
multiple-conduit, conduits parallel 170 


short. fishing, direction.........+. 284 
size selection extension bar sup- 
PDODEIN Soe ereis clctele) ot ale elrs) ats e 66 
VERTICAL, conductor in, suppor: 340 
Hishamg, mel aiwie pass tayenclersrstereleless ne eee 
making plumb, illustration...... 182 
see Vertical run. 
RuNNING conduit in concrete floor... 194 
thread JOM S coe sisieiehais ele, «41010 07s) ors 185 
Runs, parallel, conduit length , 
DOU WOU ieialere sisters cnnensrss eens 105 
parallel, tandem hanger.........- 271 
Russel and Stoll Co., marine-type 
HUA SOOG OA UDO OOO mG 401 
s 


St. Louis Brass Co., Aglite fixture. 353 

San Diego, Cal., Consolidated Gas ; 
and’ Electric Co.; sheraduct: ’ 
Conduit ami cee ests coer, ot 
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Scatz, homemade, length conduit 
TUR fon Docianie Rea ee wee Sie 83 
mounted ee pence bench... secs 178 
Scholefield, H , on bending heated 
COUT Gare Hs < ssiail sae aio = darter 150 
Schulman, a 5. distribution cabinet 
with pull box alte ee 274 
Screed, laying: .. cere csc se nee ie 


Screw, attachment, hole for 


brass extension, tile construction 225 
lag, bit extension driving in....... 274 
making attachment to masonry 
SUTLACE Wiblts occas. piela oereqes 275 
tappings, conduit box...........- 20 
wood, see Wood screw. 
SENGSTOCK, F. F., on conputit life. . 399 
wiring in damp "place Do aig) eo iele siviega 3 
SEPARATOR BOX, definition.......... 
NOt ACCESSIDIOS . 5/62 sleraveietaie «icnctoreve 


SEPARATOR FITTING, definition 
HOt ACCESRIDIC. «00.0 ene cries ees 


MLSS vere icici che cialis cre eres eeu ereinieln, oer suees 
SERVICE ENTRANCD, conduit........ 37 
Httings!. se 010 « Pave ertkouin a usiorsuscen ate 77 
Under sLOUNG enue vaieis Sera etaee ese 251 
when ea 364 
SPICER ERIC ee Recs Han Ce 250 
Shatt- ands DOIG: crave: sscigceeucten oe 144 
Shallow-type_ box, prohibited........ 23 
SHBAVE, pulling-In.-ocses- sds +s 336 
wheek beNdOLs cccisisieccre «se. erncle 5 155 
Sheet-iron form, hole in.........2.. 194 
Sheét-lead ‘plugs .t « cossriece sie sis.esetouere 277 
SHEET-STEEL curb angle.. wine aol 
GNEMCH COV EL sajes caiesei sie sea ueece ehsticle 91 
Sheraduct conduit installed for 
Switchboard): x.;.<j04 06 vaecaate 241 
Sherman wire connector............ 355 
SHORT CIRCUIT, fire risk............ 362 
less dangerous than arc........... 362 
HestINe GORS waing. er cchateisncree enero 376 
Signaling, testing oUt... 32+. .46- ume 346 
Single-pole switch circuit, polarity 
WISE ios ects era ee oes AT 
SyzH; elbowaracye sien anata sees 40 
MIP Pls ire. ate aad + Glote esau ceo Meret maerere 43 
thread, rigid conduit. . 12 
Slate surface, tie wire “Supporting 
conduit on. ae 263 
Sleepers laying vate ttre sore Wiecommes 206 
Slow-burning insulated wire........ 412 
Small residence, WITT 25 tenia ices 80 
SNAP SWITCH, machinery wiring..... 421 
JORSTY acide. odie criceuseecmarere Kuali 409 
with porcelain shell, ...5.......-. 410 
SNAP-SWITCH BOX, definition........ 18 
BEGHION All. «5:5 scree emcoth women 31 
Snatch block, pulling-in............ 334 
Soapstones «ic cn daiateetsne ENN 327 
SaCknEs brass: sistcteoes ects een ee 409 
fitting, lamp attached to......... 407 
hazardous installation............ 408 
WEY ureters wich nyanteg nace hun ae tee 409 
lifting, concrete trench cover...... 91 
Porcelain keyless... 1... «sade seen 413 
tape around incandescent lamp top 409 
catherproot, see Weatherproof 
socke 


Sockets, maximum number on branch 82 
Solder wire, attachment-screw hole 277 
Solder-wire anchor, holding attach- 


mentibolt. with...) ce. ec. «ee 278 
SoLDERING conductor.............. 358 
Huxs Hee aoe cet arak teers cee ce 359 
oxyacetylene method............. 206 
With) a1 Iron tee eee ices ein cs: 359 
SOLDERLESS CONNECTOR............ 354 


INDEX 


PacE 
SOLDERLESS CONNECTOR, use...... -. 356 
Solid conductor, drop cord.......... 407 
Southern California Edison Co., 
dummy installation method.. 240 
Southern Pacific Railroad, pneumatic 
ONGOSL oasis sto exc ote aan 158 
Spacing cleat, keeping conduit from 
SUTLACC. Jeo Soe ee eae eae 400 
Specifications, wiring............... 61 
Speed-control devices.............. 424 
SPLICE, EMDING oo erciste arcdsaste einem iar eas 360 

GOGO: UbITUS solely e <) ee oils a dishes) se telsnarata 356 

Tat-taili icc oas, woes 357 
SPLICING, conduit wiring........... 345 

method ja. = sive cgteteeleeee ee 356 
Sprit conductor arrangement, alter- 

nating-ctirrent....5--.-+ s-=- 75 

Coupling. 6.0% os wee ose ce hele 38 

Spracurn Extscrric Works, on An- 
glo squeeze box connector.. 42 

CONGUE) DOX a + plates .cieies ereieteie eats 37 

floor’ box 2 saci sas ee One 30 

octagonal outlet box............. 21 

squeeze-type box connector....... 42 

Universal Key <oa..6 2c uaws caneie 25 
Squeeze-type, box connector........ 42 
Star drill, for concrete «............. 276 
STARTER, ENCLOSED automatic...... 424 

oil Bwikdl cc es te ee 421 
STHEL angle, supporting cabinet . 228 

box, making large hole in........ 188 

CABINET, hole in, with punch. .... 188 

hot; galvanized: 35-..<2 000.0 412 
installed on mounting board.... 272 
location changed after conduit 
placed ccs kelos:c.n ote ee 226 
support and alignment, fireproof 
building... . o.xiee se sue ene 227 
SUPPORTING, exposed wiring.... 272 
with grabler bars <3 s.G4.0-25 227 
cable suspension, aerial conduit... 271 
column, supporting outlet box be- 
tween flanges of... e5.00c.. 212 

cutting, electric drill............. 206 

fishing ribbon end, brass ball on... 298 

lumber building. .<2.6..6<<es0 oer 218 

REINFORCING, cutting............ 205 

rods, conduit supported by..... 201 

ribbon, loop in end, fishing. ...... 297 

spacing plate over switchboard. ae 22 

SUPPORT, multiple run........... 270 

motor-starting apparatus....... 275 
switch box, making.............. 426 
tile-covered, supporting outlet box 
OH Ss o's sce Sune ocala oes 212 
WIRE end bent for fishing. ....... 301 
GALVANIZED, bent while cold.... 298 
twisted, fishing: ©. Succscenee 294 
Sree, Criry Burctnic Co., on 
bushingiie.sbecor ates eee 40 

conduit box qc occsocs ceo 37 

octagonal Outlet box... 25045 gees 21 
Steel-framing floor plan............ 90 
Steel-reinforced asbestos wood cabi- 

: LOU ja76) sietvlekaiyels = avalepeleyet eleraale cau! 
Stillson wrench, see Wrench, Stillson. 
STocK AND DIB, conduit installa- 

OES 6: c59r0. © «ise, 01 ousy saul steeenenene 95 

WB ass: oh iietsreie, sts cisue,cinus suai cane 118 
Stone ‘dnl, ‘pointed- EBCONs gasarata.e cites 278 
SORA Gu rack ae Nea migeee cect a apres 87 

SHE s..c. Sears ancients ere rae 86 

tools, materials, supplies......... 86 
Stove Bout, anchored, attachment 

WIbD cacao tl eae ee 279 

fastening conduit box cover with.. 233 


fixture stud 
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Straightener, power-driven......... 184 Aly 

STRATGHTENING machine, prineiple.. 182 
TACK os Aaow coeds Ae ea ek eeltan ee: 185 ‘Tasux, base lengths for angles...... 112 

Braap definition :oc3sechccceh isos 45 distance threaded conduit screwed 
double-conduit hanger, construc- AMCO GENES otayets aataholsleyels) «tater 102 

TOMER ME imeicierucelen etsls wales 266 extension bar dimension and .. 
pipe, see Pipe strap. Surengt Nera ea een goon eee e 267 

Srup, fixture, see Fixture stud. general procedure, conduit wiring.. | 1 
partition, wall-bracket outlet box. . 221 insulation resistance............. 378 

Supplies mscorazencei ie tae eee iene 86 locating right-angle bends........ 167 

SUPPORT, CONDUCTOR IN VERTICAL location of hickeys forming right- 

fs S ANGLE DENA = atom Mote 166 
MIRED HUA 1G seer ci acca et revo 342 : d : 5 
PUT rercncaeene ede ctawagsere ie vere ssese. ici obs.avanet 340 supporting conductor in vertical 

Support, conduit, see also Hanger. Senco ee SAA ag es tae 25 

SUPVOL Ss USE ved Seren cle ain ee Seren an 45 weights of conduit sections....... 267 

SURFACE EXPOSED conduit, supported TANDEM HANGER, extension bar as... 266 

with pipe strap............. 259 parallel runs............ von Ail 
SWAT re feteaye acale fechers(ecomies Sel cicis, sis love 259. Tank room aise ol hs 2 AO 

Surrace plate, prohibited.......... 23 Tape around incandescent lamp top. 409 
wiring, exposed, definition........ 256 BLARING fsp lio maces cya rere eis 360 

Suspension, aerial conduit.......... 271 condat Willig ae trtesces otto aa 345 

SwWITcH BOX cover, screw tappings. . 20 joint; illustrations... cea. ee va Cae OOO. 
holder, stamped-steel............ 221 bwin conductor. 2's ocscac ce eee 361 
in unfinished fireproof wall....... 209 Tap-off conductors. ..2.0s- 2c ae 338 
secured to conduit with locknut LED FITTING, fOPMS\.ce 6 ect ee 255 

andibushin go. cme. een LOO! SDLIGE TS. cess is pene reer 356 
BUCOL MARINE eck uci etc ee meats 426 ee-bar, supporting run with....... 269 
supported temporarily........... 210 Telephone and Telegraph Building, 
temporary support.............. 210 New York City, dummy in- 

SwitcH CIRCUIT POLARITY WIRING, stallation method........... 240 

ROUTERS ec na me 349 TELEPHONE CiRcuIrT, cable terminal.. 385 
BUNGLE OlGain areeeste) eye sceyeee viele jeeey 347 conduit. ........... A696 07ONE BOK 0% 384 
GHEEC=Wa Yn sre ctre citys ieiaiens eteuetes tore 348 conduit for, office building. ...... 389 

SwircH currents, testing out........ 345 Aap oe cable...........4-. 385 
desirable form, machinery wiring.. 421 — >p avasted Pann) FA pens ania a 385 
externally-operated enclosed...... 424 ELEPHON® conduit, riser diagram. . sep 
Gusht eee lash eutich. ce Peper carat t Una pee 
knife, see Knife switch. Wikiker ccc CLA 
lamp-circuit, damp place......... 409 ee tap Sa Mapes au 391 
machinery, totally enclosed....... 420 hotel tae 2 Rey aaa. aa 387 
momentary-contact............. 424 office building. i gl SUNS ANA. cle 387 
MOtLOrstArving o. cis Gite ac es scne las 421 Residence ae ee ee ee eres a7 
placed outside of damp room..... 409 TEMPERATURE, low, slow-burning in- 
push-button, damp place......... 410 sulted wires. sere. cureite 412 
single-throw, enclosing case for..., 424 very high, asbestos-insulated wire.. 412 
snap, see Snap switch. Tremptet, dummy installation...... 239 
standard-size, two-inch partition. . 239 fitting outlet box bends.......... 175 
starter, enclosed Oil. : 2.0... .0w..ss 421 subvened sheet steel............. 241 
steel-box enclosed, in place of SUSPENAEA Sy hee wait es elec oelele ies 240 

BWAUCH DOAPOrrerettitiets ts cistsieiels to locate conduit run termination. . 240 

Switch-and-cutout enclosing TerRRA cotta building, conduit instal- 

DIN DLO VASEM enere cfocre.e Mo wie, evere% WAGHODINE Stas sole tolannisientas.a gee 88 

SWITCHBOARD, CONDUIT for..... partition, fastening outlet box at 
Tavy Oba cetevreis cusiciecoi leo vie) a).e0e ait door buck ins gic occscta utes: 220 
WATIDE ATOUN 5 ore cusses. sas0.5)s aleneie see also Hollow-tile. 

SwiItCHBOARD, goad FON Gel sieved ates TERMINAL BOX, distributing cable to, 
MrAMe LOUNGE svgsate co cole o: dheve-crsieneus te Method Avent ortin delice oees nan 390 
PullVPOSTOV- EL seers eieteual el ennai motor equipped with............ 417 
sheraduct conduit installed for. telephone’ circuit. J. cc. ne seers 385 
steel spacing plate over.......... Terminal, cross-connecting, use. .... 388 
two steel channel sills............ Test, life of conduit and effect of pro- 
WIRING CLPENCH I os. cc.+ bn eietr =e ie tective coatings 

GROUSE Disa eetae leer rele Wine Gal le sia SET, definition....... 

Switch- ea box, alignment....... tracing out cireuit...........+ ¢ 

Swivel, to prevent twisting......... MBE; CUMASOTAMMORN: «<6 cscsts sore lcso et 

Symbols, ATL ese aie vaeretaveaekeheNedsieusues Testine for short circuit........... 376 

SysreM, conpDvuIT, ground conductor OUT, CONGUIt WITIDE.....-.5-+ 0000 345 

of, separate from that of wiring electrical signaling............ 351 
SYSUCIM rss auerewie were vie aire. MIGUNOASs eum etdeeia dois: ows ears e 346 
LOUNGI Mer rrelemierel che ieistee arelieie es 10 362 BWItCH CULLEMUGs ss creo oe oe 345 
moisture condensation........... 401 Tests for continuity and insulation... 374 
System, convertible, see Convertible T-hanger, application.............- 206 
system. Thimble, late placement outlet box.. 198 

wires in same conduit............ 76) Tuomas AND Betts Co., bushing.... 40 


wiring, see Wiring system. 
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THOMAS AND Burts Co., conduit ie poe Trussed support, suited to short 
HAW WEL tarerere sense evete okeve Soom 202) 9 spansienetjraceiem omnes 
Eiokaou coupling eoainn nthe Coanle 38 TEueens: conduit support 
hexagonal punched locknut....... Nag ee peas ne Sas 
Lakin hickey. sno arers voters ane motased pees Din Gon Taster, (phan 
malleable rom PY Geer cscs ; iI win=wire Teel jf eis oie eee 
Petree A) O0 et asa a ae Twisted pair, telephone circuit...... 385 
Lone telbetalime sl 2s ook pubis 157 Two ground conductors............ 367 
roll bender... 0.2.0+ 0-042 - l Two-gang single-pole switch circuit, 
split coupling........ yiecinels cess. 3 polarity withig =) 5 eee 348 
wrench for one-half inch bushing two-inch partition, flush switch in. 238 
aud Lockwuntteteieteelsisieisiel+l siete 127 Two-phase ‘system, wires through 
Thompson-Houston base key socket SAMETCONGULD Ae erie eee ve 
brass......... GOB O REE OCS Two-Way FISHING, definition....... 296 
TurbaD chaser and guided reamer... 118 procedure.wivc- ees oe eee 301 
AZO) TILIA CONAULbe. os sw esie eee see 12 
Threaded conduit, Sestants screwed Hie U 
into fittings, table........... : : 
THREADING conductor in conduit.... 283 U-bend, finding conduit length... ..<= es 
conduit so essere syn euenclanayaszs 102 U-sort, making.......... Hoo cec 
ed conduit end 173 rigid conduit clamped with....... 268 
Piachine: hon cu eee ene 120 UNDERGROUND ENTRANCE FROM man- 
Machine; Powerless cnn ease ee a a a5 
OU iocg levers Aorssgy sayice kandialenn mpesgese wie DOL ATT MOLG  t ica eia: res area ee men 
f. 1G. Sis mo sidhole ties ae eee Eee 394 
rigid conduit, stock and dic. ...-- ee Depeczoann ENTRANCE, service, 
short nipples vics,a5 cies cm queers Ningicatiod tt ee 251 
Three-conductor convertible system. 77 Saechone. 2 te a 389 
Three-phase six-wire, wiring arrange- me Uno See SS pec gee 4 ou 
TOD G esses oc acs) a, stave ie oe) ahah acetate oe : r s + ’ 2 
metas wins SWITCH circuit, polarity Bas acu wee eae F s\-bhe senile : : Ae 
wiring...............-+-2--- 348 | Inspection and labeling........ aa 
hall and aie Tights seer 80 loeknut: <.-0): 2+ -=-9 ere = pete 
rie SY system, wires in same ae ee ee Co., single- S51 
CONAUIG Soc o cisictela oie coutareetes 4 4 Die ovine eee eee 
Through hae and tap-off con- nee hook: Seay eres : see 
ureter, Duled poeta ae) Uae aaalatey aan, ee 355 
Tim wire and crossed nails, conduit .—»«‘. Usem”’ insulated connector....... 
attached to form board with.. 199 Vv 
conduit attached to panel with. . 263 
supporting conduit on slate or mar- VACUUM FISHING, definition........ 304 
ble surface. .......-......-- 263 vacuum: cleaners... 5... ieee Gites 310 
Tile-and-concrete floor slab, shallow | Vapor, inflammable, where......... 414 
Dlete Bs ys < fag eect anes 208 “Vaporous place, sealed method pref- 
Tux building front, lighting outlet Ora DIE ie sisccsvaey siataconcierersea eke eee 405 
WES OG ODEN Se UIC COC 224 VaprorPrRoor body and reflector .... 408 
hollow, see, Hollow-tile. globe lighting unit supported from 
position of socket, box, and con- Conduit:Tuniys cee omer eee 254 
PAO To aor re ack ooo abies 223 Vaportight globe and guard ........ 413 
Tile-covered steel, supporting outlet VERTICAL conductor, supporting 
F Dox OM. «= ows seve ee eens 212 Clam pines coe seen eee 341 
Tinner’s burr, aligning box......... 234 coNpDUIT, supported withiron yoke 271 
Todd, W. B., on acidproof construc- supported with strap and’ two 
GIGE« joo nictata se ecemrononoores cat. ool: bolts ek ee ee 268 
Togas Bout, holding conduit to = riser, conductor in, support, table.. 342 
hollow-tile with............. 261 RUN, CHAS clas Noe ancmiere eerie 204 
MIS Gy etatevesciccy syste aye.e ree are woenedets enexerers 45 concrete building.............. 204 
Tormpo, Pies THREapING MacHINE RING 2 ts de catea eee 295 
Co., on portable power drive.. 121 Wure-B ALE of eres romeo ters 204 
ratchet stock and die. sess ee ees 119 Wrsre benchiticcs tecgeokin neo eee 99 
Toots, conduit manipulation PUSS Sas 95 conduit installation’ »20.. acme 95 
Storage... se. ee sees ee ee eee 86 fastening to hie. column, method. 96 
threading, portable power........ 121 Hexible<conduitseneeeenemeeeee 116 
Tousley, V. H., on installing fab improvised pipe.. Carshsre Rees 101 
outlet on tile building front... 224 iristalling “asese ee eeaeee ee 96 
Transformer installation, conduit.... 260 Nye pocket. . po a ea 99 
Traveler, pressure fishing Outfitnees. 309 pipe,fand bender scom bination eeeLae 
TRENCH cover, concrete, see Conerete to hold outlet box............... 189 
._, french cover, Voltmeter method, measuring insula- 
Wiring, see Wiring trench. | A tion resistance... sdon.. cc are 379 
Trimont Mfg. Co., on Trimo pipe V. V. Fitting Co., no-splice block... 355 
NWWROIIGIN cusberacte-stexstee c's ake Meee 124 
Trough, wiring, switchboard....... oS Ww 
Truck, electric, conduit wiring..... 418 
pulling forcosmmeis des. le tee 334 Wabash Railroad, pneumatic bender. 158 
Trumbull Electric Mfg. Co., on Wagner motor, with terminal box... 418 
Knockoutroaps seen.) ne 49 WALDENFELS, F. G., asbestos wood 
Trunk lings. io. cee neni ccs 385 steel-reinforced cabinet..... 
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WALDENFELS, F. G., on conduit 
wiring in damp ‘place Ridierevaiciens 397 
hazardous place installation... 405 
Reodse switch and cutout cabi- 
SCI ero oe eres 412 
Walker . ee and Haviland, on 
DUSHEtLE Haye sere te 41 
WALL pent outlet, rim-clamp outlet 
OIG Cne ce cut tae ete eters 55 
plug, dieusiona: Elexit wall recep- 
TACIO Sorts pen ecahe ets ctaroa one 57 
ype, TG Xub sence oes aiseuatos ts lalate + 52 
we er spacer, flush device box..... 234 
WATER METER, conduit and wire 
system grounded back of.... 370 
grounding conduit inside........ 368 
Water removing from conduit..... 327 
WAPSRPROOH fitting ss caries Os sicie oe 258 
Gutleteathing, Usb 5 rotete eos ee ele 30 
WEATHERPROOF SOCKET, porcelain... 408 
supported from exposed run...... 253 
LY DORA Usa ene ba a eackw ete stew ae 408 
Wedge plug, construction.......... 276 
WESTINGHOUSE Esc. & Mra. Co., 
alternating-current loom 
PROUT eres! sssccrcts oars ats a6 cies LS 
enclosed oil switch starter........ 421 
motor and switch-and-cutout box.. 419 
pneumatic bender’... 3.000655 158 
snap switch and fuse box......... 421 
iWiheatstone bridge's... ..<../. 6. wieie= 379 
White, C., on wall-type Elexit 
installation ess sss sis a aesie eee 53 
Winch, motor-driven, pulling-in..... 331 
WIRE as ground conductor......... 365 
asbestos-insulated, see Asbestos- 
insulated wire. 
branch circuit, use of different 
BIBER ce cralee ete tolere ticiete eisrc.ane ens 284 
copper, see Copper wie. 
GAaMp PACE waco weep se'se) cig es 50 
DROP, corrosive or damp place.... 407 
from) conduitrunies a. .c cess 407 
lamp attached to fitting socket.. 407 
out of reach of workman....... 407 
feeding into conduit, pulling-in.... 328 
FISH, see Fish wire. 
USCS Ieee encieeidaura es aa OOO 
GALVANIZED STEEL, bent while cold 298 
see Galvanized steel wire. 
GRIP, parallel-jaw.............--. 329 
ARG ierereietet inion e eile w(ea eteretezeis 315 
ground, see Ground wire. 
grounding to water pipe......... 369 
hazardous location.............. 50 
installation in conduit........... 50 
oe applying paste to.......... 359 
REGLA WINE UD ae yeye's a0 e sie ecu 313 
adicovcred rubber-insulated, ex- 
cessive condensation in con- 
Ghiliie nis sald Con ortDO neo Ono 406 
IMAM UAL AIS HIM iets sce seine ere ale s 204 
messenger, supporting long conduit 
SPOS eieetereaiatetsrelegel eve tnioiaieteh (eels 272 
AINOULCTE GS TASC le cle Siniicleisie. selene taisce oe 388 
neutral, and conduit ystem, 
ground PR oe artes) ot Ne vsicisansis 366 
pullne with crane hook....... 332 
een ahore ols ieusven rset s) ysiauss ieh,0('ai'e. 285 
abbos fish, see Ribbon fish wire. 
slow-burning AMSUL ATOR «c.016,00< ate ieiere 412 
solder, attachment-screw hole..... 277 
steel, see Steel wire. 
three, system, wires in same con- 
(HOVE. 0 OA crt CeeeNREL CO SE ONORD » 5 


tie, see Tie wire. — 
twin, see Twin wire. 


: PAGE 
Wire-shaft, vertical run......... ayn, wale 
WIRING arrangement, six-wire three- 

phase, illustration........... 76 

building for telephone service..... 385 


concealed, see Concealed wiring. 


CONDUIT, advantages over open 
WITTE Te 5 sauce eter erste are 398 
around switchboard........... 90 
automatic hob-grinding machine 422 
Camp places yn s se vee eine cece 397 
details, office building......... 392 
Ciscsenin der Ner.yaceci eich 427 
Grilli press neta tee cei 423 
cry vicilaa yee eerie tee 412 
CLOCERICUIFUCK cote estate ents 418 
ENCLOSED direct-current motor.. 422 
oil-switch starter............ 421 
HurMAcerOOM asset ore 412 
hazardous! place. ssn. cn seen 397 
headstock-motor wood-turning 
lathe pices sie sis ceca ees ones 423 
hotidry: locations. -2 see ne.. 412 
hydraulic-turbine driven gen- 
CaCO, ore} o GH OUCeS POO GOO Le 428 
inflammable atmosphere....... 413 
locomotive........ seers es 429-439 
machinery, support............ 426 
MOTOR and _ switch-and-cutout 
DOK ego stareteentsisie sce were sacs 419 
equipped with terminal box or 
bushing ccewracateels ot 417 
motor-driven: faiaw. 2 se «cela © 419 
OVEN crenapiortein ete reds eee reroieretere 412 
ere or Se ean par- 
AGRON ore eistetel ate rete teens stereos 35 
Tesi ence WAM ona A Meee: 375 
snap switch and fuse box....... 421 


subjected to corrosive vapors... 397 
taping, testing out, and splicing. 345 
tests for continuity and insula- 


tiON; TOVGER sce ec ersserere el ares 3874 
DIAGEAM, illustration. 2y....... 62 
Gublety boxe ser eeeeeeer 214 
FISD. cis scoeystecelevseleeisions a versus eeu 68 
electric light, on machinery....... 428 
BXPOSED conduit, purposes. ...... 247 
open, definition aie ete eee nates 256 
see Hxposed wiring. 
ee Gefnitione- mie omelets 256 
footlight...... Bienes Siete 255 
BUCS eae cusyesistoeie ess ee © sieye ellen 36 
machinery, see ’ Machinery wi ing. 
on machinery, requirements...... 416 
open and surface combined, instal- 
istion, illustration)... ..006 261 
BEAST geduataal building, differ- 
Mentos sae ohelalevercic/sta hate) sietarsie hie 
larae buldnoee 61 
large residence 69 
machine shop, illustration...... 73 


TOUNGHOUSE ss ce e.o.s 6s s/s 72 
POLARITY, different colored braids. 285 
see Polarity wiring. 
service entrance, exposed conduit.. 250 
small residence, illustration....... 80 


SP CGUlCa MONS e suexeisisishiein sie eleu eae 61 
SV IMDOIS seater arcelerelsiciere.cispe musls ersners 61 
SYATHM, GeHnition, oss ss ecice cc +s LF 


ground conductor of, separate 
from that of conduit system.. 366 
telephone, see Telephone wiring. 
trench, switchboard 
trough, switchboard, illustration. 93 


“Wirina ror Liautr “AND Power,’ 


Crort, T., on ees 
ground connection.......... 373 
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“Wiring ror Ligur anp PowEr” 
Crort, T., oN conduit smaller 


than one-half inch.......... 12 
PLOUNCINE sackets aes 363 
INVETIO“ COMMUGS 2501s statins wee 281 
“National Electrical Code” re- 

AIT OUMNONES sacs scatsn cies, a cheval os 82 
pipe earth connection resistance... 373 


“WiriInG oF FINISHED BUILDINGS,” 
Crort, T., on fishing in old 


building Sc iiera ce are seca ee 294 
NAG Welsh Ec.5 an. nem ntereter eh aaa 303 
long distance boring tool......... 303 
Woop, asbestos, steel-reinforced cabi- 
HOG ene o-ta ace Ae leurs y 411 
scrREW, heavily loaded large con- 
GUiltgee ok cere eh eee eens 261 
Masonry SuTLAce)c.2 4 vse 2 oe ee 276 
WoopeEn block form, bending large 
CONGUIE Scr pees eeclee see 152 
Dulding, conguita. sae eeaeee ee 85 


floor, concrete building with, con- 
céaled conduit. .22...0.1+< <> 192 


INDEX 


PaGcE 

WoovEN moulding, conduit connec- 
tion: between’ fia uc o eke ie one 393 
PLUG, closing conduit end..... 42, 187 
disadvantage... $2256 ona oe nee PAULA 
floor slabeca.ce cheers Crore 193 
masonry surface. 4... 4s<0 = 275 
stick as hickeyi.):..9,.0<s eee eos 132 
switch-and-cutout cabinet........ 412 

Wooden-mill building, supporting 
conduit from ceiling......... 269 
Wrunes, chain.) i <..c.« one eee 125 
conduit installation.............. 95 
JINPLOVIGEG oss dea cee oe es wee 125 


one-half inch bushing and locknut. 127 
pipe, see Pipe wrench. 


VODEL Sins bkss cde bs are erates 126 

Stillson, conduit installation...... 123 

ETIMG: PIPE Sar sche stele ao ates eae 124 
Y 


Yoke, iron, supporting vertical con- 
GUE SNe on sta ie Rena. Caen ore 27 
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